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Clinical Studies on Liver Catalase Activity 
in Gastric Carcinoma Cases 
II. Experimental Supplement 
By 
Iwao Yamaguchi 
Gu oo in) 
Prof. M. Muto’s Surgical Clinic, Tohoku University, Sendai 
(Received for publication, May 25, 1959) 

Following the clinical observations reported in the first paper, the 
aqueous extract of gastric carcinoma tissue was tested for the inhibitory 
effect on the catalase activity of the mouse liver, being studied the rela- 
tion of this effect to the nature of the tumor as well as to the liver catalase 
activity of the patient. 

EXPERIMENTAL 
Method 
1) Objects 

Tumor tissues of 39 gastric carcinoma cases, in which subtotal re- 

section of the stomach was performed, were used. They included some 


of the 58 cases examined in the first report. 
2) Method 


The aqueous extract prepared from the tissue was injected intra- 


peritoneally into the mouse and the liver catalase activity was measured 
after 24 hours. 

Injection material. A portion of the carcinoma tissue was dissected 
from the resected stomach, washed to remove the blood, mucus and 
necrotic matter, sliced, and then dried in a desiccator and powdered finely. 
The tissue powder so prepared was extracted with ten times as much dis- 
tilled water and the extract separated by centrifugation was condensed 
under reduced pressure at a low temperature, and then dried. 

Before using, the dried extract was dissolved into sterile physiological 
saline at 10 mg/cc. 

Preparation of enzyme solution. The animals used were male mice of 
DD strain, each of which weighed about 15g. They were fed with a 
definite feed composed of wheat, barley, bean cake and fish-meal. 

Injection was performed intraperitoneally with a dosage of 10 mg. 
(1.0 cc. as a solution) per 10g. body weight, referring to the previous 
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communication?). 

Twenty four hours after the injection, the mouse was killed by de- 
capitation and laparotomized immediately. A piece of the liver weighing 
about 0.1 g. was taken from the ventral margin of this organ, washed with 
saline to remove the blood completely, then wiped and weighed. This 
was then masticated in a mortar with a small amount of quartz sand, to 
which was added pH 7.0 phosphate buffer solution to make a 1:1000 
suspension, supernatant of the latter being ready for measurement. 

Method for measurement. See the first paper. Three mice were used 
for one material and the data obtained were averaged. 


Results 


1) Liver Catalase Activities in Mice Injected with Aqueous Extract 
of Gastric Carcinoma ‘Tissue 
In Fig. 1 is shown the frequency distribution of the liver catalase 
activities in mice injected with 39 aqueous extracts of gastric carcinoma 
tissue, and of 22 control mice which were injected with plain physiological 
saline at a dose of 1.0 cc. per 10g. body weight for comparison. The 
activities were 23.3 to 60.7, 44.1 +2.5 on an average?), in the injected mice, 
being apparently lower than those in the control mice (41.7 to 83.2, 64.4 + 
4.7). 
% 
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Fig. 1. Frequency distribution of liver catalase activities of mice when 
the tumor extracts were injected (heavy lines). Light lines show that of the 


control mice. 


2) Relation of Catalase Lowering Activity to Morphological Feature 
of ‘Tumor ; 

See Table I. No significant difference was found in the liver catalase 
activity between the mice injected with the extracts prepared from the 
tumors of Borrmann’s types I or II (three, and 24 cases, respectively) and 
those with the extracts of type III (12 cases), nor between the mice injected 
with the extracts of carcinoma adenomatosum (17 cases) and those with 
the extracts of carcinoma solidum (22 cases). 

3) Relation between Liver Catalase Activity of Gastric Carcinoma 
Cases and Catalase Lowering Activity of Tumor Extracts 
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TABLE I 
Liver Catalase Activity of Injected Mice According to Types 
of Tumor from which the Injection Material was Extracted 





Liver catalase activity 


Types of tumor Cases 
Minimum Maximum Mean 
Types I & II 27 23.3 56.0 43.6+3.3 
Se a es att 12 35.0 60.7 45.344.3 
ener Adenomatosum 17 36.3 54.8 45.1+2.9 
ay oe 
een Sen Solidum 22 23.3 60.7 43.3+4.1 


In Fig. 2, the ordinate shows the liver catalase activity of the patient 
with gastric carcinoma and the abscissa the liver catalase activity of the 
mouse injected with an aqueous extract prepared from the tumor of this 
patient. No significant correlation was found between the two values. 
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Fig. 2. Diagram showing the relation between the liver catalase activity 
of a mouse injected with the tumor extract and that of the host of the same tumor. 


The correlation was insignificant stochastically. 


DiscussION 


Greenstein et al.*) observed that the lowered catalase activity of the 
rat liver induced by subcutaneous implantation of hepatoma 31 was 
restored when the tumor was extirpated, and were led to the conclusion 
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that the lowering of the liver catalase activity in tumor-bearing animals 
is a far-reaching effect elicited, from the existence of the tumor. And, 
failing to produce the lowering of the catalase activity by intraperitoneal 
injection of the tumor homogenate, they were of the opinion, at that time, 
that the living tumor is needed for such a phenomenon.” 

Later, Nakahara and Fukuoka*) found that a substance separated 
from the tissue of the human carcinoma lowers the catalase activity of the 
mouse liver when injected intraperitoneally, and this was confirmed by 
Greenfield ef a/.© in various tumors and in different animals. 

As a part of a series of our studies on toxic substances contained in 
the cancerous tissue,'’”)*)®) we have also reported previously that the 
aqueous extract of gastric carcinoma tissue inhibits the liver catalase ac- 
tivity of mice in vivo, and that a nucleoprotein fraction of the tissue con- 
stituent is the substance responsible for this effect.” 

In the first report of the present work, it was revealed that the catalase 
activity in the liver is lowered in gastric carcinoma cases parallel to the 
extent of spread of the tumor, but with little dependence on the morpho- 
logical features of the tumor. If so, how does the catalase lowering ac- 
tivity of the tumor extract vary according to the types of the tumor from 
which it was prepared? Is there any relation between this activity and the 
liver catalase level of a patient with the tumor? These are the subjects 
to be discussed here. 

As shown in Table I, however, no close relation was found between 
the catalase lowering activity on one hand, and the macroscopic as well 
as microscopic types of the tumor on the other hand. This suggests that 
the catalase depressing substances are contained, at least in human gastric 
carcinoma, equally in various types of the tumor, and corresponds to the 
fact proved clinically in the first paper that the liver catalase activity had 
little relation to such morphological types of the tumor. 

Greenstein and Andervont!® reported that the liver catalase activities 
of tumor-bearing animals had close relation with the kind of tumors im- 
planted to, or originated in, them. ‘Though the results of the present work, 
clinical as well as experimental, seem to be incompatible with the report 
mentioned above, it can be understood that such varieties as various types 
in gastric carcinoma differ essentially from those among the experimental 
tumors produced from the different matrices by different procedures, and 
that the variety in the liver catalase activity of gastric carcinoma cases 
was due little to the difference in morphological types of the tumor, but 
greatly to the difference in growing or invasive energy of the tumor which 
is actuallized as the peritoneal dissemination and the lymph-nodal in- 
volvement. 

Moreover, no distinct correlation was obtained between the catalase 
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lowering activity of the tumor extract and the catalase activity of the liver 

of the patient with the tumor from which the extract was prepared. 
But, it is very important to notice here that the “ catalase-lowering 

activity *’ in this work is that of a unit weight of the extract, and may be 


‘ 


that of a unit weight of the tumor tissue even supposing the existence of 
an almost equal content of water-extractible substances in tumor tissues. 
Therefore, when we make a resiprocal of the liver catalase activity of the 
mouse (in wl. of oxygen) injected with the extract present the catalase 
depressing activity per unit weight of a tumor and use a square measure 
of a tumor (a product of the longitudinal by transverse diameters, in cm.®) 
in place of the weight of the tumor, the product of these two values may 
be an index showing more precisely the catalase lowering activity of a 
tumor in vivo, and hereafter in this paper, it will be called the “* presumed 
catalase-depressing activity ’’ of the tumor. 


TaBLeE II 
Liver Catalase Activity of Gastric Carcinoma Cases According 
to ** Presumed Catalase-depressing Activity ’’ of Tumors 





Liver catalase activity 
Presumed catalase- ’ 


depressing activity Cases ‘ge . 
- Minimum Maximum Mean 
Class I 10 67.9 100.3 84.6+ 7.6 
II 10 59.4 109.7 79.6+13.4 
III 10 60.6 94.2 76.6+ 6.8 


IV 35.3 92.7 70.5+12.8 


Such presumed activities of 39 tumors examined were 0.04 to 2.64, 
snowing a wide range. Of course the numerical values themselves are 
meaningless. When we group the examined tumors into four groups 
according to their presumed catalase-depressing activities, each of them 
containing the same number of cases, the less liver catalase activities were 
found in the group including cases with tumors of the greater catalase- 
depressing activity (fable II). An inverse correlation was thus demon- 
strated between the liver catalase activity of cancer cases and the catalase- 
depressing activity of the tumor. 

As to the patho-physiological mechanism of the catalase inhibition 
in tumor-bearing animals, there are also opinions that the product of the 
tumor does not affect the catalase activity, but that the synthesis of catalase 
is disturbed for lack of its constituents due to the rapid growth of the 
tumor.’ But, the catalase lowering activity of the tumor components 
is a matter approved in general, and that the same process should be carries 
actually ix. tumor-bearing animals was demonstrated also by a parabiotic 
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experiment by Lucké ef al.}*) 

Close correlation of the two values, the liver catalase activity of cancer 
cases and the catalase-depressing activity of the tumor which was calcu- 
lated, taking the tumor size into consideration, from the liver catalase 
activity of the mouse injected with the tumor extract, is thought to be a 
fact supporting the humoral mechanism in general patho-physiological 
effects of the malignant tumor. 


SUMMARY 


Aqueous extracts were prepared from 39 gastric carcinoma tissues 
and injected into mice intraperitoneally, the liver catalase activity of which 
was measured. ‘The results obtained are summarized as follows. 

1. Liver catalase activities in mice injected with the tumor extracts 
were significantly lower than those in the control mice. 

2. Catalase-lowering activity of a tumor extract was not dependent 
upon the macroscopic or microscopic features of the tumor. 

3. Decrease in liver catalase activity of gastric carcinoma cases had 
little relation to the catalase lowering activity of the tumor extract, but 
showed close parallelism with the catalase-depressing ability of the tumor 
itself calculated under some assumptions. 
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The Electron-microscopic Observation 
on the Pulmonary Alveolar 
Phagocytes of the Mouse* 


By 


Akira Kajita, Katsuhiro Nakamura, Susumu Taya 


(He A H73) mA ft £) (AH x 
and Tetichi Teshima 
( F- 1H Hi —- 


From the Pathological Laboratory of Prof. h. Akazaki 
Faculty of Medicine, Tohoku University, Sendai 


(Received for publication, May 27, 1959 


The present authors are studying the mechanism of invasion of inhaled 
dust into the pulmonary stroma, in relation with the problem of the pa- 
thogenesis of pneumoconiosis. In the present report, the authors will 
focus their attention on the electron-microscopic features of pulmonary 
alveolar phagocytes. Causing mice to inhale soot dust we examined their 
lung tissues under an electron-microscope, and payed special attention to 
the morphology of the cells covering the alveolar wall, especially, to the 
relation between the soot-ingesting cells and the other lining cells. 


EXPERIMENTAL 
Materials and Method 


Normal adult mice were made to inhale soot produced by burning 
xylene, for one hour and sacrificed one to 48 hours thereafter. Some others 
were subjected to the inhalation 30 min. each per day for one week and 
sacrificed on the last day. Untreated mice were used as controls. 

Small pieces of the lung tissue of mice were immersed into Palade’s! 
Fixative, one per cent osmium tetroxide solution buffered at about pH 
7.2 with veronal-acetate buffer. Fixation was for 30-40 minutes, after 
which the specimens was washed in distilled water for a short time, de- 
hydrated in a series of ethanol and embedded in methacrylate. HU-10 
type electron microscope was used for observation of ultra-thin section. 
Remained lung tissue was used for formalin fixation and light-microscopic 
observation. 


* Read at the 15th Annual Meeting of the Society of Electron Microscopy held in Sendai 
on 15 May, 1959. 
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Results 


In the lungs of mice made to inhale soot, the following sorts of cells 
were found lining the wall of the alveoli: 

I. Small-sized smooth-contoured cells with a nucleus taking up a 
rather large part of the cell body, and containing a few of elliptic or more 
elongated rather small mitochondria. ‘The endoplasmic reticulum (E.R.) 
is not well developed, some small saccular or tubular shreds of it being found 
sporadically. ‘The peripheral parts of the cell bodies pass over into thin 
cytoplasmic sheets, which are homogenous and structureless and form a 
triple layer with the thin part of the capillary endothelium and the some- 
what clearer basement membrane between them. In this thin cytoplasmic 
sheet no mitochondria can be found, but some saccular or dropletlike 
small structures are seen. 

II. Cells with cytoplasm rich in organelles, with microvilli forming 
on a part of their cell membrane, sometimes giving the appearance of the 
cell being in contact with other cells through them, or sometimes in direct 
contact with the basement membrane. Here, the particularly conspicu- 
ous finding is the electron-dense, lamellar or vortical corpuscles seemingly 
specific in existence to the lung. ‘These have a definite limiting membrane, 
and sometimes, a part only of them is found in a vacuole. ‘These cells 
contain mostly large-sized and round mitochondria, the cristae are irregu- 
larly and loosely arranged and it is characteristic of their ground substance 
that it is relatively electron-dense and homogenous. Some of these simu- 
late “‘ microbody ” described by Rhodin. 

Of the above lamellar structures, some had their structure com- 
paratively well preserved, but some vacuoles which contained them were 
fused with the neighboring vacuoles into large vacuoles and some again 
were broken up, in extreme cases above mentioned lamellar bodies being 
scattered out of the cell body in the alveolar space. The last-mentioned 
phenomenon may be due to artefacts, but since no such pictures could 
be seen in the cases of vacuoles containing soot dust or mitochondria, this 
finding seems at least to indicate the physicochemical properties, especially, 
the visco-elasticity, of the vacuolar wall. Among these cells, soot was 
found taken in an very rare occasions only, and even in these rare cases, 
the quantity of ingested soot was very low. 

Such I and II cells were found in the untreated control mice as well. 

III. Phagocytes containing ingested soot. These have rich cyto- 
plasm of relatively low electron density, and the nucleus is rather small in 
proportion to and stands eccentric in the body. The cell membrane has 
fine irregular infoldings and processes which are distinguishable at a glance 
from the microvilli of the II cells above. The mitochondria are devoid of 
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Pulmonary Alveolar Phagocytes 


the characteristics of the II cells above, but are mostly common, elongated 
in form, with definite and regularly aligned cristae. 

The ingested soot particles were 0.05-0.1 « in diameter, 20-50 of 
them being aggregated into groups of 1-2 ~ across, which were found 
scattered about in the cytoplasm. These groups of soot particles were 
sometimes in vacuoles with clear, nearly vacant background and often 
marked off by a limiting membrane, but particles were sometimes in posi- 
tions as if extruded into cytoplasm from such a vacuole. 

Pictures of soot-ingesting cells closely adhering to the stromal con- 
nective tissue or the basement membrane connected thereto through ir- 
regularities on their surface were also obtained. The phagocytes with 
soot taken up in a quantity usually lack in the lamellar structure to be 
called the characteristic structure in II cells above, but it is true that in 
some exceptional cases soot phagocytes also show this characteristic 
formation. 


CoMMENT AND CONCLUSION 


If we take the phagocytosis of soot particles, the presence of electron 
dense lamellar structure seemingly specific to pulmonary cells, the nature 
of the mitochondria contained and the existence of microvilli as the principal 
criteria, the cells on the surface of the alveoli may be classified into 3 major 
groups. I and II are seemingly identical with the types described by 
Yasuda?) as Type A and Type B epithelial cells. But here, our attention 
was drawn to the fact that there were cells that clearly showed the charac- 
teristics of II cells and yet had ingested a small quantity of soot and those 
that had taken in a large quantity of soot and yet were not devoid of all 
the characteristics of the II cells. Such transition-type cells appeared 
more prominently in the mice subjected to soot inhalation for a week. 
It is difficult whether the cells of II and III are originally of the same 
type or originally and functionally different cells here show apparent 
transitional findings due to changes in the environment. 

It is also difficult to decide at present whether the dense lamellar 
structure found in our II cells or Yasuda’s Type B epithelial cells (found 
also in the untreated control mice) is produced by a transformation of the 
mitochondria (Schulz*)) or otherwise. It seems more reasonable to con- 
sider the vacuoles of phagocytes as related with the E.R. system as are 
the digestive vacuoles in general, than as related with the mitochondria. 
The extrusion of carbon particles through the vacuolar wall shows that 
the wall is damaged here and lets the particles into the cytoplasm. Then, 
obviously the metabolism in the cell is highly disturbed. Phagocytes 
often lose their connection with the neighboring cells, the stromal con- 
nective tissue or the basement membrane and desquamate into the alveolar 
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space. But since we found nothing suggestive of a directional (stromato- 
tropic) intracellular transport, we cannot agree with the opinion of 
Gieseking’’. We are inclined to regard phagocytic action of pulmonary 
alveolar phagocytes against inhaled foreign particles as defensive me- 


chanism. : 
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Fig. 1. I cells in the upper-left and the lower-right parts. Note their 


smooth contour, comparatively large nucleus and scanty mitochondria. ~ 7,800 





Fig. 2. II cells. The cytoplasm filled up with lamellar osmiophilic 
corpuscles and large-sized mitochondria. Microvilli formation is seen. 
« 14,000 
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Fig. 3. Ditto. Lamellar corpuscles in various shape. The mitochondria 
are round or elliptical, the ground substance is considerably electron-dense and 
the cristae are irregularly arranged. 22,000 





Fig. 4. The vacuole containing a lamellar corpuscle is enlarged. Some- 
times such a vacuole is obviously unified with the neighboring vacuole. 
« 22,000 
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Fig. 5. Cells presumably of the II found in a control mouse. ‘Two cells 
in mutual contact through microvilli and both containing multiform osmiophilic 


corpuscles. 17,500 





Fig. 6. Phagocytes. Fine soot particles in groups lying scattered in the 


cytoplasm. A few of small elongated mitochondria are seen. x 11,000 
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Fig. 7. Phagocytes in the mouse lung subjected to soot inhalation for one 
week. Note large sized mitochondria and a few somewhat lamellar corpuscles. 
» 18,500 
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Fig. 8. Degenerated phagocytes now desquamating into alveolar space. 
~ 4,100 
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Descending Spinal Pathway Subserving 
Adrenaline Secretion of the Adrenal 
Gland in the Toad 
By 
Masaaki Inoue 
Gt & 4 BA) 

From the Department of Physiology, Nagasaki University 
School of Medicine, Nagasaki 
(Received for publication, June 9, 1959) 


In my previous study it was found that in toads the section of the 
splanchnic nerves prevented the depletion of adrenaline in the adrenal 
gland producible by insulin hypoglycemia.) This indicates that insulin 
hypoglycemia acts on the adrenal medulla through the central mechanism 
rather than directly. 

It has been well established that in dogs the augmentation of adrena- 
line secretion causable by insulin hypoglycemia is abolished by the transec- 
tion of the spinal cord at the level of the lowest cervical segment.” In 
the present study it was found at first that the drecrease in the adrenaline 
content of toad adrenal gland causable by insulin hypoglycemia was pre- 
vented by the spinal cord transection at the level of the second spinal roots. 
Thus insulin hypoglycemia was proved to deplete adrenaline of toad adrenal 
gland in acting on the adrenaline-secretory center situated above the level 
of transection. 

Then, in order to know whether the descending spinal pathway of 
the adrenaline-secretory fibers decussates or runs uncrossed, insulin ex- 
periments were performed in toads, in which the hemisection of spinal 
cord was made. 


EXPERIMENTAL 
Methods 


Toads of either sex were used. The transection or hemisection of 
the spinal cord was made at the level of the second spinal roots after opening 
the dura mater. Experiments were performed about 4 days after the spinal 
cord operation. 

Insulin was given subcutaneously in a dose of 15 units per kg. of body 
weight. Ten hours after insulin injection the animals were killed and 
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the adrenal glands were immediately taken out together with kidneys 
on both sides. Renal tissue was cut off from the adrenal gland as com- 
pletely as possible. Adrenal gland was then extracted with 4% trichlor- 
acetic acid. Control experiments were performed without injection of 
insulin. . 

Adrenaline and noradrenaline contents of adrenal extracts were 
estimated by using the permanganate method of Suzuki and Ozaki.” 
As the reference standards t-adrenaline (Merck) and pt-noradrenaline 


(Sankyo) were used. 
Results 


(1) Experiments in toads subjected to spinal cord transection 
In 7 toads, weighing from 200 g. to 380 g., control experiments were 
made without injection of insulin. In 9 toads, weighing from 200 g. to 
390 g., subcutaneous injection of insulin was done. The results are sum- 
marized in Table I. 


TABLE I 
Effect of Insulin on the Adrenaline and Noradrenaline Contents 
of the Adrenal Gland in Toads, in Which the Transection of the 
Spinal Cord Was Made at the Level of the Seond Spinal Roots 





Adrenaline (mg.) Noradrenaline (mg.) 
é Mean +standard error of the mean Mean-+standard error of the mean 
Left (Minimum-maximum) (Minimum-maximum) 
or 
right x : ; 
ee per kg. of : per kg. of 
per gland body weight per gland body weight 
Control B 0.052+0.012 0.197+0.016 0.034+0.007 0.132+0.012 
(7 toads) (0.037-0.072) (0.177-0.225) (0.028-0.043) (0.113-0.150) 
R. 0.052+0.013 0.197 +0.023 0.032+0.006 0.122+0.008 
(0.037-0.068)  (0.168-0.243)  (0.024-0.041) (0. 108-0. 132) 
Insulin i. 0.053+0.011 0.180+0.023 0.035+0.006 0.121+0.017 
injected (0.040-0.069) (0.143-0.210) (0.025-0.043) (0.090-0. 150) 
(9 toads) R. 0.054+0.012 0.18640.018  0.035+0.006  0.123+0.016 
(0.040-0.071) (0. 154-0. 209) (0.026-0.043) (0.095-0. 145) 


In control experiments the mean adrenaline content of the adrenal] 
gland was 0.052 mg. per gland and 0.197 mg. per kg. of body weight in 
the left as well as in the right gland. The mean noradrenaline content was 
0.034 mg. and 0.032 mg. per gland in the left and the right gland, respec- 
tively. Computed per kg. of body weight, it was 0.132 mg. and 0.122 mg., 
respectively. 

In insulin experiments, the adrenaline content was on the average 
0.053 mg. and 0.054 mg. per gland in the left and the right gland, re- 
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spectively. It was 0.180 mg. and 0.186 mg. per kg. of body weight, re- 
spectively. The mean noradrenaline content was estimated as 0.035 mg. 
per gland in the left and the right gland, as well. It was 0.121 mg. and 
0.123 mg. per kg. of body weight in the left and the right adrenal gland, 
respectively. 

In comparison of the adrenaline content of the adrenal gland in in- 
sulin injected toads with that in control ones, no statistically significant 
difference was found (P>0.10). 

(2) Experiments in toads subjected to the hemisection of the spinal cord 

The hemisection of the spinal cord was performed on the right side 
in 14 toads, weighing from 250g. to 430g. Six of them were used in 
control experiments and 8 others in insulin experiments. ‘The results are 
shown in Table II. 


TaBLeE II 
Effect of Insulin on the Adrenaline and Noradrenaline Contents 
of the Adrenal Gland in Toads, in Which the Hemisection of the 
Spinal Cord Was Made on the Right Side at the Level of the 
Second Spinal Roots 





Adrenaline (mg.) Noradrenaline (mg.) 
s Mean-+standard error of the mean Mean-+standard error of the mean 
Left (Minimum-maximum) (Minimum-maximum) 
or 
right . - ee , 
. re per kg. o LD ae per kg. o! 
per gland body weight per gland body weight 
Control a 0.066+0.012 0.210+0.022 0.040+0.005 0.129+0.017 
(6 toads) (0.047-0.083 0.179-0.240 0.030-0.045 (0. 100-0. 144) 
R. 0.065+0.012 6,209+0,020 0.040+0.005 0.128+0.016 
(0.047-0.086 0.179-0. 230 0.028-0.048 0.106-0,155) 
Insulin L. 0.049+0.007 0.160+0.014 0.040+0.006 0.135+0.009 
injected (0.038-0.058 0.144-0.178 0.031-0.052 0.118-0.148 
(8 toads) R. 0.072+0.010 0.233+0.014 0.044+0.007 0.142+0.012 
0.053-0.089 0.203-0.251 (0.032-0.048 0.125-0.160 


Tn control experiments, the adrenaline content per gland was on the 
average 0.066 mg. in the left and 0.065 mg. in the right gland, respectively. 
Computed per kg. of body weight, it was 0.210 mg. and 0.209 mg. in the 
left and the right gland, respectively. The mean noradrenaline content 
was 0.040 mg. per gland in the left and the right gland, as well. It was 
0.129 mg. and 0.128 mg. per kg. of body weight in the left and the right 
gland, respectively. 

In insulin experiments, the adrenaline content per gland was estimated 
on the average as 0.049 mg. in the left and 0.072 mg. in the right gland, 


respectively. Computed per kg. of body weight, it was 0.160 mg. in the 
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left and 0.233 mg. in the right gland, respectively. ‘The mean noradrenaline 
content was 0.040 mg. and 0.044 mg. per gland in the left and the right 
gland, respectively. It was 0.135 mg. and 0.142 mg. per kg. of body weight 
in the left and the right gland, respectively. 

In comparison of the adrenaline content of the right gland in insulin 
treated toads with that in control ones, there is no significant difference 
(P>0.10). However, comparing the adrenaline content of the left adrenal 
gland in insulin injected toads with that in control ones, the former is 
definitely smaller than the latter. The difference is statistically highly 
significant (P<0.001). 


Discussion 


In the first series of experiments it was proved that the decrease in 
the adrenaline content of the adrenal gland in toads causable by insulin 
hypoglycemia was nullified by the transection of the spinal cord at the 
level of the second spinal roots. In the second series of experiments it 
was demonstrated that in toads the hemisection of the spinal cord abolished 
the depletion of adrenaline causable by insulin hypoglycemia in the ipsi- 
lateral gland but not in the contralateral gland. Thus it is reasonable to 
conclude that in the toad the descending spinal pathway of the adrenaline- 
secretory fibers to the adrenal gland runs without crossing below the level 
of the second spinal roots. 

In the dog it has been proved by Suzuki e¢ al.®) that the descending 
spinal pathway subserving the adrenaline secretion of the adrenal gland 
decussates partially in the spinal cord. It will be probable that the de- 
scending spinal pathway is not necessarily the same in different animal 
species. 


SUMMARY 


In toads the transection or hemisection of the spinal cord was made 
at the level of the second spinal roots. After 4 days insulin was given. 
The adrenaline and noradrenaline contents of the adrenal gland were 
estimated by the permanganate method. 

The decrease in the adrenaline content of the adrenal gland ca*isable 
by insulin hypoglycemia was found to be prevented by the transection of 
the spinal cord. By the hemisection of the spinal cord it was also abolished 
in the ipsilateral gland but not in the contralateral gland. 

Thus it is concluded that in the toad the descending spinal pathway 
subserving adrenaline secretion of the adrenal gland does not decussate. 


I wish to express my gratitude to Prof. T. Suzuki for his kind advice. 
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INTRODUCTION 


Long-continued studies in our department have revealed the fact that 
the functional condition of the reticuloendothelial system (RES) exerts 
significant influences upon the various manifestation types of the inflam- 
matory foci. When its functional activity is promoted, the cellular pro- 
liferation and metamorphosis are rapidly and conspicuously provoked. 
On the contrary, its lowered functional activity results in the weakened 
cellular response corresponding to its stage and degree. It has been also 
revealed that the functional condition of the RES can be approximately 
shown by observing the cellular forms in the inflammatory foci.’-*)8)-') 

The authors made the following experiments to elucidate the problem 
of how functional conditional differences of the RES changes the type of 
manifestation of such diseases, such as tuberculosis and leprosy which 
show the various manifestation types, based on the experimental records 
mentioned above. 


Studies on the Leprous Foct of the Experimental Mice 


(1) Experimental Materials and Methods 
The authors adopted typhoid vaccine injection as a way of activating 
the functional condition of the RES. Marked effect of the vaccine on the 
function of RE cells was examined by Dr. Ohta of our department.’ 
Beforehand, a small quantity of the vaccine (0.2 cc.) had been injected 
in the peritoneum of mice (0.2 cc./20 g., one injection). Evans blue in- 
jection was used as another way of lowering the functional condition of 
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the RES (0.5%,/0.1 cc./20 g., every other day, totalling five injections). 
Cardiolipin, one of the constituents of the rat leprosy bacillus, is closely 
connected with antigen-antibody reaction mainly in leprosy of the le- 
promatous type’) and was injected as the third pretreatment (0.5 mg. 
0.2 cc./20 g., every other day, totalling 15 injections). According to Dr. 
Ohta,™ cardiolipin generally inhibits the function of the RES. 

Two days after the three kinds of pretreatment mentioned above 
were injected, each dd/T mouse was injected with living rat leprosy bacilli 
subcutaneously (10-*/0.2 cc., Hawaiian and Kumamoto strains). Ob- 
servation of manifestation findings in subcutaneous foci of leprous mice 
was continued until the thirteenth week from the cytohistopathological 
point of view, and a comparison was made with the control mice which 
have not received these pretreatments. ‘Two to three mice were killed 
every week, and the sliced samples of their subcutaneous tissue, lymph 
nodes, liver, spleen, lung, kidney and genital organs were stained with 
H.E., PAS, PAP silver impregnation and Ziehl-Neelsen’s stain. Further- 
more, cytological observations by supravital staining with neutral red and 
Janus-green, May-Giemsa staining and under the phase contrast micro- 
scope were made. 

(II) Records of the Experiments 

Following are the results of lepramatous changes observed in both 
group of the control mice and in another group of mice which received 
pretreatments. Observation limited to the subcutaneous tissue of the 
mice, was carried on. 

(1) Findings of the Group of Control Mice 

Formation of rat leprosy tubercle was brought about by the mono- 
tonous proliferation of the so-called lepra cells. Lepra cells were filled 
with rat leprosy bacillus which kept their original shape. 

In the foci of the leprosy rat, local histiocytes swell and become round. 


These histiocytes showed a tendency to become free. Formation of 


polynuclear histiocytes and that of neutral red rosette in their cytoplasm 
were hardly observable. Basophilism of cytoplasma meaning the proli- 
feration of the cell that belongs to the RES was not so marked. The 
main findings of this case were that histiocytes were transformed into the 
large rounded cells. 

(2) Findings of the Group of the Mice Injected with Typhoid Vaccine 

Soon after the injection, proliferation of the spindle shaped cell and 
the polymorphous cell, medium in size, were seen in the foci of the leprous 
mice. 

These cells took the form of the lepra cell as they came nearer and 
nearer the center of the foci. Furthermore, in the center of the foci, 
necrosis and degeneration were noticed. The foci showed centrifugal 
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aspects, and infiltration of the small rounded cell was conspicuous. 

In the eleventh week, the lepra cells were hardly seen, and the foci 
demonstrated the so-called tuberculoid type composed of the epithelioid 
cells and the spindle shaped cells or the round mononucleated cells. In 
the same part, the presence of the polynucleated giant cells was observed 
dispersely (Fig. 1). Bacillus of rat leprosy is hardly seen and the remnants 
of them become droplets. In this case, local response of the histiocytes 
was caused mainly by the basophile cell and the numbers of these cells 
and their basophilism were noticeable. ‘Tendensy for inversion of the 
fixed type histiocytes formed newly into lepra cells was weak (Fig. 2). 





1. ‘Tuberculoid foci in the subcutaneous tissue of lepra mouse which 
received pretreatment of typhoid vaccine before 11 weeks. 
Epithelioid cells and giant cells are seen (H.E.). 





Fig. 2. The same case. (Supravital staining with neutral red and Janus 
-green). 
Lepra bacilli are hardly demonstrable and remain in those phagocyted ruins 


as neutral red granules. (Phase contrast microscope). 
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(3) Findings of the Group of the Mice Injected with Evans_ blue 

Local injuries of the tissue were remarkable from the beginning. 
Numbers of bacilli of rat leprosy were perceived in each cell body which 
appeared in the foci accompanying with the infiltration of leucocytes and 
diffuse necrosis or edema of the tissue. But these foci had a poor tendency 
towards formation of the lepra cell, and the medium-sized spindle-shaped 
rounded cells showed marked degenerative changes. Cytological ob- 
servation made it apparent that in the cell body of the histiocytes shaped 
newly (their number was small), granules stained with Evans blue were 
accumulated. A number of vacuoles, large and small, was demonstrated. 
Nuclei of these cells atrophied (Fig. 3). 


: 





be een 


Fig. 3. Diffuse necrotic foci in the subcutaneous tissue of a lepra mouse 


which received pretreatment of Evans blue before 10 weeks (H.E.). 


(4) Findings of the Group of Mice Injected with Cardiolipin 

More typical and earlier formation of leprous foci similar to those 
of the control mice was noted (Fig. 4). These lepra cells contained vivid 
rat leprosy bacilli, and were poor in substance stainable with PAS. 
Tendency towards fibrous proliferation was very weak and capillaries 
were seen dispersed freely among these cell group. Basophilism of histio- 
cytes was hardly recognizable, and their tendency for becoming free was 
not demonstrated (Fig. 5). 


Studies on the Tuberculous Foci of the Experimental Mice 


(I) Materials and Methods of the Experiments 
(1) Animal Used: One hundred and ten healthy dd/N male mice. 
Their body weight was about 20 g., provided that the functional state of 
the reticuloendothelial system have had been ascertained to be within 


normal limits. 
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Fig. 4. Typical lepromatous foci in the subcutaneous tissue of a lepra 
mouse which received pretreatment of cardiolipin before 13 weeks. Uniform 


proliferation of lepra cells are seen (H.E.). 
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Fig. 5. The same case. (Supravital staining with neutral red and Janus 

-green). 


Lepra cells are filled with lepra bacilli (Phase contrast microscope). 


(2) Pretreatment: Same as those mentioned above. 

(3) Methods of Experiments : 

Two days after the first injection of pretreatment, H,,;Rv dried human 
type tubercle bacilli diluted with physiological saline (10-°™*/0.1 cc.) were 
injected into the vein of tail of both groups of the mice. 

Three to five mice were killed every week until the eighth week, and 
the sliced samples of their lung, liver, spleen, lymph nodes, intestinal 
tracts and kidney were stained with H.E., PAS, PAP silver impregnation 
and Ziehl-Neelsen’s stain. 

(II) Records of Experiments 
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Tuberculous change of both group were examined in the lung of 


both groups of mice. 
(1) Findings of the Control Mice 
Three weeks after the injection of tubercle bacillus stated above, the 


increase of cells in the alveolar wall was observed, and the formation of 


small tubercles composed of the middle sized rounded or oval shaped cell 
were found around small arteries. The foci characterized by the cellular 
proliferation increased their number gradually in subpleural part. ‘The 
cells showed swelling and vacuole droplet degeneration. 

Tuberculous foci, which appeared mainly around arteries during the 
sixth to the eighth week, were composed of the same kind of cells mentioned 
above. Appearance of the giant cell derived from these cells was not clear. 
Accompanying the vacuole degeneration of the epithelioid cell, leucocytic 
infiltration and exudative fluid were observed, but the formation of the 
caseous foci was not found. In the material stained with the Ziehl-Neel- 
sen’s method, the formation of the caseous foci was observed in bundle 
form parallel to the increase of the vacuole cell after the fourth week. 
The foci contained fairly large amounts of the droplet cell. 

(2) Findings of the Group of the Mice Injected with Typhoid Vaccine 

In contrast to the control group, marked formation of productive 
tubercle was noted. ‘The boader of the tubercle after the fourth week 
was clear. Exudation and leucocytic infiltration were hardly seen. ‘The 
kind of cells that constitute the foci were the medium-sized and the small 


rounded cell and epithelioid cell derived from them. Degeneration of 


those cells was not seen (Fig. 6). By means of PAS stain, PAS stain posi- 





Fig. 6. Productive tubercles in the lung of a tuberculous mouse which 
received pretreatment of typhoid vaccine before 8 weeks. 
Small and middle sized cells and epithelioid cells are seen in the tuberculous 


foci (H.E.). 
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tive granules were seen to be arranged in rosette shape. ‘The bacillus 
was observed as droplets (Fig. 7). This meant that the functional state 


of the RES raised. 





Fig. 7. The same case. (Ziehl-Neelsen’s stain). 


Tubercle bacilli are difficult to find in the foci. 


(3) Findings of the Group of Mice Injected with Evans blue 

Numbers of speckled tubercle composed of the medium-sized droplets 
cells appeared in the third week. Leucocytic infiltration and storage of 
exudate were fairly conspicuous. The fourth to the fifth week, the foci 
showed changes of diffuse caseous pneumonia. The sixth to the eighth 
week, degenerative changes of the confluent foci become conspicuous, and 
the central parts of it appeared to be in necrosis, and cavity formation was 
observed. Ziehl-Neelsen’s stain made it clear that tubercle of the third 
week contained fairly amounts of the tubercle bacillus corresponding to 
the increased number of the vacuole cell. After the third week, the 
number and spread of the bacillus increased rapidly in the cavity mentioned 
above (Fig. 8). The presence of numbers of bacillus was confirmed, as 
if they had been cultured in a pure medium. But all through these pro- 
cesses cellular digestion of bacillus was very slight (Fig. 9). 

(4) Findings of the Group of Mice Injected with Cardiolipin 

Findings of this group were nearly the same as those of the control 
group. However, the formation of the productive foci was rather strong, 
that is to say, the foci showed a tendency to diffuse and spread ; the droplets 
degeneration of the medium sized cell appearing around the arteries was 
conspicuous. Marked exudation and leucocytic infiltration were observed 
(Fig. 10). 


SUMMARY AND CONSIDERATION 


As indicated in the above statements, the authors tried to clarify the 
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Fig. 8. Exudative foci in the lung of a tuberculous mouse which received 
pretreatment of Evans blue before 8 weeks. 


Large tuberculous cavity is formed (H.E.). 


oe 
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Fig. 9. The same case. (Ziehl-Neclsen’s stain). 


‘Tubercle bacilli are more numercusly seen in this case than in the control. 


role of the RES as the main factor of the living body that is concerned 
with the various histopathological metamorphosis and types of focus 
manifestation of such diseases such as leprosy and_ tuberculosis.*)6'6!7) 
Generally speaking, basophilism of the RE cell has a relationship 
with new cellular production, and also it is considered to be the necessary 


pre-condition of phagocytosis of the RES.')9)!)!) 

The RE cells show both proliferation and various histological me- 
tamorphosis, and this system responds to the functional demands of the 
living body.7)! For example, the appearance of the small rounded free 
cell is the reflection of the increased functional state of the RES, and on 
the contrary, weak appearance of these cells means the lowered functional 
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Fig. 10. Diffuse productive and exudative foci in the lung of a tuberculous 
mouse which received pretreatment with cardiolipin before 8 weeks. 
Many middle sized and degenerated cells are seen in the tuberculous foci 


(H.E.). 


state of the RE cells. 

Furthermore, neutral red granules and PAS positive substance are 
supposed to be associated with the digestive mechanism of the RE cells 
for the foreign bodies. 

In this study, the authors used this fact as a standard for determining 
the functional state of the RES from the morphological point of view. 
Based on the experimental results, analyses of the phase of the tuberculous 
and leprous foci of the group of mice whose RES was lowered or raised 
were made respectively. ‘The leprous foci which were produced in the 
subcutaneous tissue of the mice by the injection of the lepra bacillus were 
typical lepromatous type in the control. In the group of mice which 
received the cardiolipin, earlier and more marked appearance of the foci 
of lepromatous type than that of the control. In the group injected with 
typhoid vaccine, the appearance of the tuberculoid foci was noted. 

The tubercle foci formation in the lungs of the mice infected with 
human type tubercle bacillus is somewhat affected by the functional state 
of the RES. ‘The same results can be stated about the foci of the rat 
leprosy. ‘The tuberculous foci formation corresponding to the pretreat- 
ments, is characteristic in each case, and the kind and number of the cells 
taking part in the foci formation vary. ‘These facts and the staining ten- 
dency of the tubercle bacillus within the foci presents enough material to 
say that the RES exerts influence upon the foci formation. 

In the control mice which did not received pretreatment, proliferative 
foci formation was aroused. ‘This type of the focus formation was ac- 
centuated by the increased functional state of the RES; under the lowered 
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functional state of the RES, formation of rather worse proliferative foci 
was demonstrated. Moreover under the disturbed condition of the RES, 
formation of exudative foci is characteristic. Summarizing the results 
mentioned above, it can be deduced that the difference of the functional 
condition of the RES in the living body exert very significant influences 
upon the various manifestation tvpes of such disease as leprosy and tubercu- 
losis. Therefore the authors believe that the function of the RES plays 
an important role as a non-specific resistance of the living body.7)!?)!» 


CONCLUSION 


Results of the experiment on mice leprosy are as follows: 1) Promo- 
tion of the functional condition of the RES resulted mainly in the forma- 
tion of tuberculoid typed foci. 2) Disturbance of the functional condition 
of the RES resulted in the formation of diffuse necrotic foci in the early 
weeks. 3) Inhibition of the functional condition of the RES resulted in 
the early formation of typical leprous foci with contrast to that of the con- 
trols. 

Results of the experiment on mice tuberculosis are as follows: 1) 
Promotion of functional condition of the RES resulted in the formation 
of marked productive foci as compared with that of the controls. 2) 
Disturbance of the functional condition of the RES resulted mainly in the 
formation of the exudative foci. Caseous necrosis and cavity formation 
were also noticed. 3) Inhibition of the functional condition resulted in 
the formation of more degenerated foci in contrast to that of the controls. 


References 


1) Akazaki, K., Hi-Sei-Shi (Jap.), 1956, 66, 376. 
2) Akazaki, K., Tohoku J. Exp. Med., 1958, 66, 293. 
3) Akazaki, K. & Kojima, M., Beitr. path. Anat., 1957, 116, 200. 
+) Akazaki, K. & Kojima, M., Ketsuekigaku Togikai Hokoku, (Japa.), 1954, 7, 121. 
5) Akazaki, K. & Kojima, M., Saishin Igaku (Jap.), 1958, 13, 986. 
6) Biichner, F., Letterer, E. & Roulet, F., Handbuch der allg. Path., Springer, 1956, VII/1. 
7) Dubos, R. J., Biochemical Determinants of Microbial Disease, Cambridge, 1954. 
8) Kojima, M. & Watanuki, T., Tr. Soc. Path. Jap. (Jap.), 1956, 45, 389. 
9) Kojima, M. & Watanuki, T., ibid., 1957, 46, 371. 
10) Kojima, M., Ogata, M., Ohta, S. & Hayashi, T., ibid.. 1957, 46, 451. 
11) Kojima, M., Takagaki, M., Watanuki, T., Ogata, M., Kuroda, M. & Ohta, S., Tohoku 
J. Exp. Med., 1958, 68, 207. 
12) Maximow, A. A., Arch. Path., 1927, 4, 557. 
13) Ogata, T., Igaku no Ayumi, 1958, 26, 1. 
14) Ohta, S., Tr. Soc. Path. Jap. (Jap.), in press. 
15) Réossle, R., Wien klin. Wschr., 1932, 45, 609. 
16) Uegane, K., Nikketsu Kaishi. (Jap.), 1955, 18, 107. 
17) Watanuki, T., unpublished. 








The T 


ing 


the 
pli 
ble 
the 


act 
he: 
ad 
eff 
kn 


pa 
ing 
We 


ga 


sec 
su 


tie 
ne 














The Tohoku Journal of Experimenta! Medicine, Vol. 70, No. 4, 1959 


Effect of Hexamethonium on the Adrenaline 
Secretion in Response to Acetylcholine of the 
Denervated Adre:x:al Gland 


By 


Seiichi Zinnouchi 
(Rit PY a —) 
From the Department of Physiology, Nagasaki University 
School of Medicine, Nagasaki 


(Received for publication, June 15, 1959) 


It is now fairly generally accepted that hexamethonium has the block- 
ing effect on the sympathetic ganglion. 

As regards its effect on the adrenal medulla, Schachter! reported 
that in dogs the hypoglycemic effect of insulin was intensified by the ap- 
plication of hexamethonium. According to him it is probably due to the 
blocking effect of the latter on the adrenal medulla. In estimating directly 
the adrenaline secretion rate of the adrenal gland, Yamashita found that 
in the dog the augmentation in the adrenaline secretion causable by 
acetylcholine”) and by insulin hypoglycemia*® was greatly diminished by 
hexamethonium. He concluded that hexamethonium paralyzed the 
adrenal medullary cells. The above investigations aimed to elucidate the 
effect of hexamethonium on the innervated adrenal medulla. Little is 
known, however, of its effect on the denervated gland. 

Concerning the effect of hexamethonium on the denervated sym- 
pathetic ganglion, Perry and Reinert’) demonstrated in cats that the block- 
ing effect of hexamethonium on the ganglionic response to acetylcholine 
was abolished by the degenerative section of preganglionic nerve fibers. 
They used the retraction of the nictitating membrane as the indicator of 
ganglionic response. 

The present study was undertaken to know whether the adrenaline- 
secretory effect of acetylcholine on the denervated adrenal medulla is 
suppressed or not by hexamethonium. 

EXPERIMENTAL 
Methods 

Nine dogs, weighing from 6.6 to 13.5 kg., were used. The denerva- 

tion of the adrenal gland was done by cutting the ipsilateral splanchnic 


nerves through the lumbar route. All the experiments were performed 
335 
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under Evipan-sodium anesthesia. ‘Uhe adrenal venous blood was collected 
through a small cannula inserted into the adrenal vein just lateral to the 
gland, according to the method of Satake ef al.°) The adrenaline content 
of the adrenal venous blood specimens was estimated by the Bloor and 
Bullen’s arseno-molybdic acid method,® adrenaline (Merck) being used 
as the reference standard. In most experiments the blood pressure was 
recorded by the mercury manometer connected with femoral artery. 
For the intravenous injection of chemicals the saphenous vein was prepared 
and a small cannula was inserted into the vein. 

After atropinizing the animal, acetylcholine chloride (Hoffmann La 
Roche) was injected intravenously in a dose of 2 mg. per kg. of body weight 
in 15 seconds. After a while hexamethonium (Bistrium bromide, Squibb 
was injected intravenously in a dose of 0.75 mg. per kg. ‘Then, acetyl- 
choline in the same dose as before was injected again. ‘The adrenal venous 
blood was collected before injections of acetylcholine, as well as during 
the first and the second 60-second periods after the start of acety!cholins 
injections. 


Results 


(A) Experiments in acutely splanchnicotomized dogs. 
Experiments were carried out in 


‘ 


3 dogs, whose splanchnic nerves 
were cut about 2 hours before the onset of experiments. The results are 
presented in Table I. 

In Exp. I, the adrenaline secretion rate before the first acetylcholine 
injection was 0.02 wg. per kg. of body weight per minute. On receiving 
acetylcholine it was accelerated and reached 0.30 wg. in the first 60-second 


TABLE I 
Effect of Hexamethonium on the Augmented Adrenaline 
Secretion of the Adrenal Gland Causable by Acetylcholine 
in Acutely Splanchnicotomized Dogs 





Adrenaline secretion rate (#g.) per kg. per minute 


Body ' Before hexamethonium After hexamethonium 
No. of weight 
experiment and : After acetylcholine After acetylcholine 
sex Before (sec. ) Before (sec.) 
acetyl- acetyl- 
choline 0-60 60-120 choline 0-60 60-120 
l 13..5ke. S 0.02 0.30 0.03 * 0.01 * 
2 9.0kg. 2 ad 0.34 0.03 0.03 0.03 0.01 
3 6.6 kg. 2 0.02 0.34 * * 0.04 0.03 


* Immeasurably small amount of adrenaline in adrenal venous blood. 
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period after the start of injection. In the second 60-second period it re- 
turned to 0.03 wg. After injection of hexamethonium the secretion rate 
was immeasurably small. By the second acetylcholine injection the adre- 
naline secretion rate was not increased, 0.01 wg. being estimated in the 
first 60-second period. And in the second 60-second period it was too 
small to be estimated. 

In Exp. 2, the rate of adrenaline secretion before the first acetylcholine 
injection was immeasurably small. After the injection it increased and 
reached 0.34 ug. per kg. per minute in the first 60-second period. After 
hexamethonium the adrenaline secretion rate was 0.03 wg. By the second 
acetylcholine injection no appreciable increase in the secretion rate was 
induced, 0.03 wg. and 0.01 wg. being estimated in the first and the second 
60-second period, respectively. 

In Exp. 3, the adrenaline secretion rate before the first acetylcholine 
injection was 0.02 ug. per kg. per minute. After the injection it increased 
to 0.34 wg. in the first 60-second period. It was immeasurably small in 
the second 60-second period. After hexamethonium the adrenaline secre- 
tion rate was too small to be estimated. After the second acetylcholine 
injection the secretion rate was estimated as 0.04 wg. and 0.03 wg. in the 
first and the second 60-second period, respectively. 

(B) Experiments in chronically splanchnicotomized dogs 

Six dogs were used. In 3 dogs (Exps. 4—6) the splanchnic nerves 
were cut 2 weeks and in 3 others (Exps. 7—9) 3 weeks prior to experiments. 
The results are shown in Table Ii. 

In Exp. 4, the pre-injection control secretion rate of adrenaline was 
0.01 wg. per kg. per minute. On receiving acetylcholine, the adrenaline 
secretion rate increased to 0.28 wg. in the first 60-second period after the 
start of injection. And in the second 60-second period it decreased to 
0.02 ug. After hexamethonium injection, the adrenaline secretion rate 
before the second acetylcholine injection was immeasurably small. After 
the acetylcholine injection the rate of adrenaline secretion increased and 
reached 0.19 wg. in the first 60-second period. Then it decreased to 
0.03 meg. 

Almost the same results were obtained in Exp. 5. The rate of adrena- 
line secretion before the first acetylcholine injection was 0.03 wg. per kg. 
per minute. After the injection of acetylcholine it increased and reached 
0.38 wg. in the first 60-second period. In the next 60-second period it was 
measured as 0.10 wg. After application of hexamethonium the adrenaline 
secretion rate was too small to be estimated. By the second acetylcholine 
injection the secretion rate was increased to 0.14 wg. in the first 60-second 
period. It was 0.05 ug. in the second 60-second period. 

In Exp. 6, the adrenaline secretion rate before the first acetylcholine 
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TABLE II 
Effect of Hexamethonium on the Augmented Adrenaline Secretion 
of the Adrenal Gland Causable by Acetylcholine in 
Chronically Splanchnicotomized Dogs 





Adrenaline secretion rate (#g.) per kg. per min. 


Before hexamethonium After hexamethonium 


5 Body = 

= : Ba 

&. weight aes - 

6 and S5 ; After acetylcholine After acetylcholine 
ee j er Before (sec.) Before (sec.) 

- _— “é = acetyl- ; acetyl- _ 

S$ Se choline § 9.60 | oo-1209 |B, og 60-120 
4 8.9kg. 3 2 0.01 0.28 0.02 * 0.19 0.03 
5 11.0kg. S 2 0.03 0.38 0.10 * 0.14 0.05 
6 9.9kg. S 2 0.03-0.04 0.99 0.04 0.02 0.14 0.03 
a 9.4kg. 3 3 0.03-0.04 0.44 0.11 0.01 0.26 0.06 
8 hed Mh 3 * 0.42 0.03 0.02 0.22 0.06 
9 8.2kg. 3 3 0.02-0.03 0.82 0.08 0.02 0.20 0.09 


* Immeasurably small amount of adrenaline in adrenal venous blood. 


injection was 0.03—0.04 wg. per kg. per minute. By the first acetylcholine 
injection it was increased to 0.99 wg. in the first 60-second period. In 
the second 60-second period it returned to the pre-injection secretion rate. 
Hexamethonium was then injected. ‘The adrenaline secretion rate before 
the second acetylcholine injection was 0.02 ug. After injection of acetyl- 
choline it increased to 0.14 wg. in the first 60-second period. In the next 
60-second period it decreased to 0.03 ug. 


In Exp. 7, the rate of adrenaline secretion before the first injection of 


acetylcholine was 0.03—0.04 ug. per kg. per minute. After the injection 
it was accelerated and estimated as 0.44 wg. and 0.11 mg. in the first and 
the second 60-second period, respectively. After administration of hexa- 


methonium and before the second acetylcholine injection, the rate of 


adrenaline secretion was 0.01 wg. After the second acetylcholine injection 
it increased, 0.26 wg. and 0.06 wg. being estimated in the first and the 
second 60-second period, respectively. 

Similar results were obtained in Exp. 8. The adrenaline secretion 
rate before the first acetylcholine injection was immeasurably smal!. After 
injection of acetylcholine it increased to 0.42 wg. per kg. per minute in 
the first 60-second period. In the second 60-second period it was estimated 
at 0.03 wg. After administration of hexamethonium, acetylcholine in- 
jection was made again. Before the second acetylcholine injection the ad- 
renaline secretion rate was 0.02 wg. After the injection of acetylcholine it 
increased and reached 0.22 wg. in the first 60-second period. In the next 
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60-second period it was estimated at 0.06 mug. 

In Exp. 9, the adrenaline secretion rate before the first acetylcholine 
injection was 0.02—0.03 wg. per kg. per minute. By the injection of acetyl- 
choline it was increased and reached 0.82 wg. in the first 60-second period 
after the start of injection. In the next 60-second period it was 0.08 ug. 
After hexamethonium and before the second injection of acetylcholine the 
adrenaline secretion rate was 0.02 wg. On injecting acetylcholine it in- 
creased and was estimated as 0.20 wg. and 0.09 wg. in the first and the 
second 60-second period, respectively. 


DiscussIoNn 


In Exps. 1-3, in which the section of the splanchnic nerves was made 
about 2 hours before the onset of experiments, the secretion rates of the 
first 60-second periods after the first and the second acetylcholine injection 
were 0.30-0.34 wg. and 0.01—0.04 wg. per kg. per minute, respectively. 
The ratio of the latter to the former was on the average about 8: 100. 
In experiments of Yamashita?) with the innervated adrenal gland, the 
average ratio was approximately 5:100. Thus it is evident that the effect 
of hexamethonium on the acutely denervated adrenal gland is almost the 
same as that on the innervated gland. 

On the other hand, in Exps. 4-6, in which the splanchnic nerves 
were cut 2 weeks before experiments, the adrenaline secretion rates after 
the first and the second acetylcholine injection were 0.28-0.99 ug. and 
0.14-0.19 wg., respectively. ‘The mean ratio of the latter to the former was 
about 40:100. In Exps. 7-9, in which the splanchnic nerves were cut 
3 weeks before experiments, the secretion rates after the first and the 
second acetylcholine injection were 0.42—0.82 ug. and 0.20—0.26 mg., re- 
spectively. The ratio of the latter to the former was on the average 45: 
100. Thus it is deducible that in the chronically denervated adrenal 
gland a considerable increase in the adrenaline secretion is causable by 
acetylcholine even after administration of hexamethonium. 

It is concluded that the paralyzing effect of hexamethonium on the 
adrenal medullary response to acetylcholine which is not affected by the 
acute denervation of the adrenal gland, is reduced definitely, if not com- 
pletely, by the chronical denervation. 


SUMMARY 


Nine dogs, anesthetized with Evipan-sodium, were used in the ex- 
periments. ‘The adrenal venous blood was collected by the lumbar route 
method of Satake et al. and its adrenaline content was estimated chemically 
by the method of Bloor and Bullen. 
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In dogs, whose splanchnic nerves were cut about 2 hours before the 
onset of the experiments, the adrenaline secretion rate was increased 
markedly by the intravenous injection of acetylcholine before administering 
hexamethonium. After hexamethonium, however, no definite increase 
in the secretion rate was elicited by acetylcholine. 

In dogs, whose splanchnic nerves were cut 2 or 3 weeks before ex- 
periments, a considerable increase in the secretion rate was induced by 
injection of acetylcholine even after administering hexamethonium, al- 
though it was smaller than that before hexamethonium. 

Thus it may be reasonable to conclude that the suppressive effect 
of hexamethonium on the adrenal medullary response to acetylcholine is 
definitely reduced by the chronical denervation of the adrenal gland, but 
not by the acute denervation. 

The author gratefully acknowledges the valuable advice and help of Prof. 
T. Suzuki and Dr. K. Yamashita. 
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It was demonstrated that the augmeniation of adrenaline secretion 
of the adrenal gland causable by acetylcholine was greatly reduced by 
hexamethonium.” 

Carbaminoylcholine was proved to produce an increase in the adre- 
naline secretion of the adrenal gland.?) Moreover, Yamashita ef al.*) 
found that the adrenaline-secretory action of carbaminoylcholine was in 
its potency several times as strong as that of acetylcholine. 

The present study was attempted to know whether the effect of car- 
baminoylcholine on the adrenaline secretion is reduced by hexamethonium. 


EXPERIMENTAL 
Methods 


The experiments were performed in eight dogs, weighing between 
8.0 and 17.5 kg., under Evipan-sodium anesthesia. In all experiments, 
the greater and lesser splanchnic nerves were cut on the left side through 
the lumbar route before the start of experiments. In order to collect the 
adrenal venous blood, a small cannula was inserted into the left adrenal 
vein according to the technique described by Satake et al.) All the 
chemicals were injected intravenously into the saphenous vein. 

For the purpose of suppressing the muscarine-like action of car- 
baminoylcholine, atropine sulfate was given in a dose of 1 mg. per kg. of 
body weight, as was done in experiments of Yamashita ef al.) and Suzuki 
et al.) After the control adrenal venous blood samples were collected, 
carbaminolylcholine chloride (Doryl, Merck) in a dose of 0.4 mg. per kg. 
was injected intravenously in 15 seconds. During the first and the second 
60-second period after the start of carbaminoylcholine injection, the adrenal 
venous blood collections were made. After about half an hour, hexa- 
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methonium (Bistrium bromide, Squibb) in doses of 0.75 mg., 0.50 mg., 
or 0.25 mg. per kg. was injected intravenously. Again, after collecting 
control blood sample, carbaminolycholine in the same dose as before was 
injected and the collections of the adrenal venous blood were performed. 
The adrenaline content of the adrenal venous blood samples was estimated 
colorimetrically by the arseno-molybdic acid method of Bloor and Bullen.® 
Adrenaline (Merck) was used as the reference standard. 


Results 


The data are summarized in Table I 

Hexamethonium in a dose of 0.75 mg. per kg. was injected in 4 dogs. 

In Exp. 1, the adrenaline secretion rate before the first carbaminoyl- 
choline injection was immeasurably small. By the injection, the rate of 
adrenaline secretion was increased remarkably and was estimated at 
0.43 ug. per kg. of body weight per minute in the first 60-second period. 


Tapes I 
Effect of Hexamethonium on the Adrenaline Secretion of the 
Adrenal Gland in Response to Carbaminoylcholine 








- 8 ob Adrenaline secretion rate (vg.) per kg. per minute 

eo - « ee = ee ea - 

2 Body ES Before hexamethonium After hexamethonium 

4 weight “4 

g and _ Before After carbaminoyl- Before After carbaminoyl- 

es sex =) carb- choline (sec.) carb- | choline (sec.) 

" zy aminoyl- aminoyl- 

A a choline 0-10 60-120 choline 0-60 60-160 

1 8.0kg. 0.75 * 0.43 0.02 0.01 0.01 * 

2 8.6kg. 3 0.75 0.01 0.41 0.03 0.01 0.02 0.01 

3 9.7kg. 2 0.75 0.01 0.35 0.08 * 0.02 0.02 

4 10.8kg. 2 0.75 0.01 0.65 0.03 0.06 0.09 0.03 

5 10.5 kg. 0.50 0.01 0.32 0.06 * 0.06 0.02 

6 12. Ske. 3 0.50 0.01 0.32 0.03 * 0.06 0.01 

7 10.9kg. 0.25 0.04 0.57 0.09 0.02 0.24 0.03 

8 17 Ske. 2 0.25 » * 0.35 0.05 0.02 0.16 0.04 
* Immeasurably small adrenaline content of the adrenal venous blood. 


In the next 60-second period it was 0.02 wg. After the application of 
hexamethonium the rate of adrenaline secretion was 0.01 wg. By the 
second carbaminoylcholine injection the secretion rate was not increased. 
It was 0.01 wg. and immeasurably small rate in the first and the second 
60-second period, respectively. 

Similar results were obtained in Exp. 2. The adrenaline secretion 
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rate before the first carbaminoylcholine injection was 0.01 wg. per kg. per 
minute. After carbaminoylcholine injection, it was increased remarkably 
and reached 0.41 wg. in the first 60-second period. In the next 60- 
second period it was 0.03 wg. After hexamethonium the secretion rate 
was 0.01 wg. In the first and the second 60-second period after the second 
carbaminoylcholine injection it was 0.02 ug. and 0.01 mg., respectively. 

In Exp. 3, the pre-injection control secretion rate of adrenaline was 
0.01 wg. per kg. per minute. After the first carbaminoylcholine injection, 
the adrenaline secretion rate was increased markedly and reached 0.35 yg. 
in the first 60-second period. In the second 60-second period it was 0.08 ug. 
After hexamethonium the adrenaline secretion rate was too small to be 
estimated. The secretion rate after the second carbaminoylcholine in- 
jection was 0.02 wg. in the first as well as in the econd 60-second period. 

In Exp. 4, the adrenaline secretion rate before carbaminoylcholine 
was 0.01 wg. per kg. per minute. On receiving carbaminoylcholine it 
was accelerated remarkably and reached 0.65 wg. in the first 60-second 
period. Then it decreased to 0.03 wg. After hexamethonium the adrena- 
line secretion rate was 0.06 wg. After the second carbaminoylcholine in- 
jection the adrenaline secretion rate was estimated at 0.09 wg. and 0.03 ug. 
in the first and the second 60-second period, respectively. 

In Exps. 5 and 6, hexamethonium in a dose of 0.50 mg. per kg. was 
applied. 

In Exp. 5, the rate of adrenaline secretion was increased by the first 
carbaminoylcholine injection from 0.01 ug. to 0.32 wg. per kg. per minute 
in the first 60-second period. In the next 60-second period it was measured 
as 0.06 wg. After hexamethonium injection, the secretion rate was im- 
measurably small. After the second carbaminoylcholine injection the rate 
of adrenaline secretion was 0.06 wg. and 0.02 mg. in the first and the second 
60-second period, respectively. 

The results of Exp. 6 were almost the same as those of Exp. 5. The 
adrenaline secretion rate before the first carbaminoylcholine injection was 
0.01 wg. per kg. per minute. On receiving carbaminoylcholine the adrena- 
line secretion rate increased. It was measured as 0.32 wg. and 0.03 ug. 
in the first and the second 60-second period, respectively. After hexa- 
methonium the secretion rate was immeasurably small. Then carb- 
aminoylcholine was injected again. The adrenaline secretion rate was 
measured as 0.06 wg. and 0.01 wg. in the first and the second 60-second 
period. 

In Exps. 7 and 8, hexamethonium was given in a dose of 0.25 mg. 
per kg. 

In Exp. 7, the adrenaline secretion rate before the first carbaminoyl- 
choline injection was 0.04 wg. per kg. per minute. It was augmented by 
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carbaminoylcholine and was measured as 0.57 wg. and 0.09 wg. in the 
first and the second 60-second period, respectively. The rate of adrenaline 
secretion after hexamethonium was 0.02 ug. Carbaminoylcholine was 
injected again. The adrenaline secretion rate was increased. It was 
0.24 wg. and 0.03 wg. in the first and the second 60-second period, re- 
spectively. 

In Exp. 8, the rate of adrenaline secretion was immeasurably small 
before the first carbaminoylcholine injection. After the injection it in- 
creased and reached 0.35 wg. per kg. per minute in the first 60-second. 
In the 60-second period it was 0.05 wg. After hexamethonium the secre- 
tion rate was 0.02 wg. After the second carbaminoylcholine injection it 
increased, 0.16 wg. and 0.04 wg. being measured in the first and the second 
60-second period, respectively. 


Discussion 


In Exps. 1-4, hexamethonium was injected in a dose of 0.75 mg. 
per kg. Before the application of hexamethonium, the adrenaline secre- 
tion was increased by carbaminoylcholine, the maximum being estimated 
at 0.35-65 wg. during the first 60-second period. After hexamethonium 
a definite increase in the adrenaline secretion rate was not produced by 
the carbaminoylcholine injection. It was measured as 0.01—0.09 wg. in 
the first 60-second period. Calculating the ratio of the latter to the former 
in each case, it is 7:100 on the average. This indicates that hexame- 
thonium, given in a dose of 0.75 mg. per kg., suppresses definitely the 
augmented adrenaline secretion causable by 0.4 mg. carbaminoylcholine 
per kg. 

In Exps. 5 and 6, in which hexamethonium was given in a dose of 
0.5 mg. per kg., the mean ratio is calculated as 19:100. In these cases 
the suppressive effect of hexamethonium on the adrenaline-secretory action 
of carbaminoylcholine was clearly demonstrated. 

In Exps. 7 and 8, in which 0.25 mg. hexamethonium per kg. was 
given. The adrenaline secretion rate was increased definitely by carb- 
aminoylcholine even after hexamethonium application, indicating that 
this dose of hexamethonium is not large enough for preventing the aug- 
mented adrenaline secretion causable by carbaminoylcholine. 

Almost the same results were obtained in the acetylcholine-experi- 
ments of Yamashita.) In his experiments it was demonstrated that hexa- 
methonium, given in doses of 0.50-1.0 mg. per kg., was capable of sup- 
pressing the augmented adrenaline secretion causable by 2.0 mg. acetyl- 
choline per kg., whereas 0.25 mg. hexamethonium per kg. did not sup- 
press it. 
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SUMMARY 


Experiments were performed in eight dogs under Evipan-sodium 
anesthesia. The adrenal venous blood was collected by the cannula 
inserted into the adrenal vein according to the method of Satake ef al. 
and was estimated for adrenaline by use of the arseno-molybdic acid method 
of Bloor and Bullen. 

By the injection of carbaminoylcholine in a dose of 0.4 mg. per kg. 
the adrenaline secretion rate of the adrenal gland was markedly increased 
and was estimated at 0.32-0.65 wg. per kg. per minute in the first 60-second 
period after the start of injection. 

Hexamethonium in doses of 0.50-0.75 mg. per kg. was applied and 
this was followed by the injection of carbaminoylcholine in the same dose 
as before. At this time, the augmentation of adrenaline secretion was 
small, 0.01—0.09 ug. being estimated there. 

Thus, it may be concluded with definiteness that hexamethonium is 
capable of reducing the augmented adrenaline secretion of the adrenal 
gland causable by carbaminoylcholine. 

The author is grateful to Prof. T. Suzuki and Dr. K. Yamashita for their 


advice and help given in the present investigation. 
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Owing to the recent advances in medicine, we have now methods 
for estimating the volume of the blood flow in many important organs. 

As to the blood flow in peripheral regions two kinds of method were 
reported: the one consists in applying the plethysmography, by which 
Barcroft et al.,!) Goetz?), Burch®) and Ishikawa et al.*) and others have 
studied, and the other consists in using the radioactive isotope Na*‘, by 
which Smith ef al.*) and Kety®” have studied. 

By the method of plethysmography the volume of the blood flow 
usually can not be estimated numerically, and in many reports by this 
method, for example in that of Ishikawa ef al.”’, numerical volume of the 
blood flow has not been demonstrated and has been only compared with 
normal range qualitatively, not quantitatively. This can be said about 
the report of Smith ef al.®) also. 

And so it is thought that some problems lie unsolved in the estimation 
of the blood flow in peripheral regions, so we will report here a method 
for measuring the peripheral blood flow quantitatively by PAH, although 
it also contains one assumption, which must be clarified in future. 


THEORETICAL CONSIDERATION 


Fig. 1 is a scheme expressing the arteries and veins in one region of 
a body. 

When C represents the PAH concentration in the arteries in the region 
under PAH equilibrium and F the volume of the plasma flowing into the 
region in one minute, that is, the plasma flow, then the volume of the 
PAH, which flows into the region from time o to t is expressed as follows : 


[Feat 7 F {Cat (1) 


On the other hand, the flow out of the region occurs through veins 
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Fig. 1. Ascheme of the arteries and veins in a region of a body. C andc 


represent the PAH concentration in the arteries and veins respectively and F 


represents the plasma flow per minute in the region. 


and lymphatics. Because the PAH concentration can be thought to be 


approximately equal in the veins and lymphatics in the region under PAH 
equilibrium as explained later, the volume of the PAH, which is carried 
away out of the region is expressed as follows, when c respresents the 
PAH concentration in the veins. 


eto ct ; 
| Fedt Ff cdt (2) 
0 0 


According to Schwartz’) PAH enters into tissue cells, but as we*? 
reported previously, the PAH, which entered into tissue cells, is thought 
not to flow easily out of the cells into interstitial fluid, and therefore the 
PAH in the cells can be thought to have no relation to PAH equilibrium. 

Now, when the plasma volume in the arteries and veins (the plasma 
volume in the veins includes in this report the volume of the fluid in the 
lymphatics) and the volume of the interstitial fluid in the region are re- 
presented by A, V and G respectively, and the PAH concentrations in 
the arteries, veins and interstitial fluid in the region at time o are repre- 
sented by Co, cy and Cg, respectively and at time t by C, c and Cg, the 
following equation can be obtained from (1) and (2) by Fick’s principle. 


F{ f cat f cay} A(C, a) | V (cy c)-4 G(Cg,—Cg) =: 
0 0 


As reported previously!!!) the PAH concentration in arteries is smaller 
than that in veins and the logarithms of each concentration are expressed 
by two parallel straight lines against time as drawn in Fig. 2, and when 
the direction co-efficient of these lines are represented by -«, each straight 
line can be expressed by such equations as written in Fig. 2. Therefore 

o Colo 


c = cyl0-«" (4) 


Therefore 
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Fig. 2. Relation of logarithms of PAH concentrations in artery and vein 
to time. Cp, and cg represent the PAH concentration in artery and vein respec- 
tively at time o, and C and c at time t. And -a represents the direction co- 


efficient. 


That is, the ratio of the PAH concentration in arteries to that in veins 
is kept constant at each time. Under PAH equilibrium PAH is excreted 
in the kidneys and the PAH concentrations in arteries and veins decrease 
with time, and so in order to keep equilibrium, PAH is thought to continue 
to flow into veins from interstitial fluid corresponding to the difference 
between the PAH concentrations in veins and interstitial fluid. So, because 
the ratio of the PAH concentration in arteries to that in veins is constant 
at each time, the PAH concentration in interstitial fluid must have a con- 
stant ratio to that in arteries and/or veins. And so the logarithm of the 
PAH concentration in interstitial fluid must make a straight line against 
time, the direction co-efficient of which is also -z. Therefore 


In Cg = InCg,—xt 


Therefore 
Cc Cg,_1 0-4 2) 
From (3), (4) and (5) 
F{ [ cyl0-atde J-c,10 td} = AC,(1—10-#t) + Veq(1—10-#* 
0 0 
+G Cgp(1—10-2t) = (1—10-at) (ACy+Vcy+GCcp (6) 
re 110-2 se 
And | 10-etdt iq; 80 (6) becomes as follows : 
0 z log.10? ; 
()-at Seen > 
F. 1—10 Co—Cy (1—10-at) (AC, +Ve,+GCg,) (7) 


x log.10 

Because the PAH concentration in arteries and consequently in veins 
decreases with time due to the excretion of PAH in the kidneys, PAH, 
as explained above, flows continuously from interstitial fluid into veins to 
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keep equilibrium, and the fact, that PAH concentration in veins is usually 
greater than that in arteries considerably, means that a large volume of 
PAH has moved into veins out of interstitial fluid, that is, that PAH can 
move freely and rapidly between capillaries and interstitial fluid, and 
therefore the PAH concentration in interstitial fluid will be almost equal 
to or only a little greater than that in veins, and the difference between 
these two will be very slight, compared with the difference between the 
PAH concentrations in veins and arteries. 

On the other hand, comparing the volume of interstitial fluid with 
that of the plasma in arteries, the former is much greater than the latter, 
and according to Hernandez-Peon!”) the volume of interstitial fluid oc- 
cupies 13.2% of body weight, and that of plasma 4.3%. If this rate can 
be applied to the region in question, the volume of the interstitial fluid 
in the region G is three times the volume of the plasma in the region and 
therefore it can be thought to be greater than three times the volume of 
the plasma in the arteries in the region A, perhaps to be equal in ap- 
proximation to six or seven times A or more. 

And as explained above, the difference between the PAH concentra- 
tions in the interstitial fluid and veins will be much smaller than that 
between the veins and arteries in the region, and comparing these differ- 
ences with each other at time 0, Cg»—cy will be much smaller than cy— 
C,, and perhaps the latter may be assumed to be six or seven times the 
former or more. ‘Therefore, even if we assume that the following formula 
will exist in approximation, there may not occur a great error. 

A(co— Cy) = G(Cg y—cp) 
Therefore 

NO BC 8 Atty Ge, (8) 
From (7) and (8) 


| (1—10-#t) (cg —C,) —— 
F. skeg fo = (I 10*)(A+V4G)c, 

According to Schwartz*) and Schwartz e/ al.'*) mannitol-, inulin- and 
thiosulfate-spaces correspond to the volume of the extracellular fluid and 
PAH-space is greater than those spaces. ‘This means that a part of PAH 
enters into tissue cells and the other part is distributed in all the extracel- 
lular fluid. As explained above, the PAH which entered into tissue cells has 
no relation to PAH equilibrium, and so the PAH-space which has relation 
to it can be thought to be equal to the volume of the extracellular fluid. 
Although (A+-V+G) is the PAH-space relating to the PAH equilibrium, 
it will correspond in approximation to the volume of the extracellular 
fluid ECF in the region. ‘Therefore the following formula can be obtained. 
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F aCylog.10 2.303 acy (9) 
ECF Co—Cy Co—Cy mn 
, . 
ECF 
fluid in the region per minute. So the volume of the plasma flow per 
100 cc. of extracellular fluid in the region per minute is represented by 
the following formula. 


(9) is the volume of plasma flow per 1 cc. of extracellular 


F 2.303 xc 
-— x 100 =~ "100 (10 
ECE &—~i 


EXPERIMENTAL METHOD 


The data, which were used in the present study, are those, which had 
been gotten on 32 normal and hypertensive individuals in the two studies 
reported previously as ““A Method of Measuring the Volume of the 
Circulating Blood in the Lungs and the Minute Volume by Means of 
Sodium Para-aminohippurate ’'® and ‘On the Measurement of the 
Respective Volumes of the Circulating Blood in Arteries and in Veins.” 
Using these data we calculated the volume of the plasma flow per 100cc. 
of extracellular fluid per minute from (10). In these previous experi- 
ments we took three blood samples from femoral artery as well as from 
antecubital vein between 30 and 50 minutes after intravenous injection 
of 2000 mg. of PAH as previously reported, and estimating the PAH con- 
centration in these six samples we got two parallel straight lines, which the 
logarithms of the PAH concentrations in the artery and vein made against 
time. ; 

Because the PAH concentration is equal in all arteries, the value of 

F 
ECF 
flow per minute per 100 cc. of extracellular fluid in the forearm of the 
side, on which the venous blood was taken for samples. And we calcu- 
lated the renal plasma flow, adopting 88°, as extraction rate according 
to Warren ef al.' 


< 100, which is calculated from (10) is the volume of the plasma 


EXPERIMENTAL RESULTS AND DiIscussION 


In Table I and II we present the values of the plasma flow per 100 cc. 
of extracellular fluid in a forearm, renal plasma flow and, in cases where 
blood pressure has been estimated, the values of blood pressure and mean 
arterial pressure (diastolic pressure +4 pulse pressure), on 22 normal and 
10 hypertensive individuals. In this report we included two cases No. 
24 (blood pressure 146/94, mean arterial pressure 111) and No. 25 (blood 
pressure 140/94, mean arterial pressure 109) in hypertension, which had 
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TABLE I 
Values of Peripheral Plasma Flow, Renal Plasma Flow, 
Blood Pressure and Mean Arterial Pressure 
E 
ECF 100 represents the plasma flow per 100 cc. of extracellular fluid in forearm 
per minute, and RPF, BP and MAP represent the renal plasma flow, blood 


pressure and mean arterial pressure respectively, in normal individuals. 





No. Age Sex ime | xe RPF BP MAP 
ECF icc) (ce.) 

l 30 1 normal 18.8 587 

2 23 * ” 16.0 563 

3 29 a " 8.7 451 

4 37 m » 20.5 554 

5 41 " ” 10.1 679 

6 30 i - 8.7 241 

7 27 ‘ ‘ 15.1 676 

8 27 * i 8.0 622 

9 29 " ” 11.9 870 

10 24 * . 12.1 877 

1 22 ' 14.2 635 

12 22 . . 25.3 693 

13 29 i ~ 22.6 661 

14 35 : - 18.2 706 116/78 91 
15 40 ‘ ¥ 15.6 657 120/70 87 
16 43 - “ 13.2 875 132/80 97 
17 26 t " 14.9 681 124/60 81 
18 29 és “ 13.5 708 124/70 88 
19 45 " " 17.3 498 126/76 93 
20 38 . . 19.1 413 120/0 40 
21 62 - ‘» 16.7 602 112/80 91 
22 4] » - 14.8 807 130/80 97 

Mean 15.2 


been reported previously as normal. 

As shown in tables the plasma flow per 100 cc. of extracellular fluid 
in the forearm per minute is 8.0-25.3 cc. (mean 15.2 cc.) in normal and 
11.9-36.1 cc. (mean 18.3 cc.) in hypertensive individuals. Barcroft et al.’ 
reported 2-7 cc. as the blood flow per 100 cc. of tissue of the forearm es- 
timated by plethysmography. We will compare it with ours. 

According to Hernandez-Peon'*) the volume of the extracellular fluid 
corresponds to 17.5%, of body weight in approximation. And so, if this 
rate can be applied to the forearm in question, 100 cc. of the extracellular 
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TasBLe II 
Values of Peripheral Plasma Flow, Renal Plasma Flow, 
Blood Pressure and Mean Arterial Pressure 


In hypertensive individuals. For abbreviations see Tab. I. 





No. Age Sex Diagnosis sea 100 RPF BP MAP 
cc.) tec.) 

23 50 ~c o 16.4 831 

24 5+ 11.9 731 146/94 111 

25 35 ” ” 15,2 609 140/94 109 
26 57 ” ” 14.5 414 210/120 150 
27 58 ” ” 23.1 430 180/90 120 
28 59 ” ” 18.4 697 184/80 114 

29 4-4 ” ” 36.1 718 166/90 115 
30 65 ” ” 16.2 424 176/100 125 
3% 3+ ” ” [5.3 579 160/100 120 

32 53 ” ” 15.9 48] 155/90 111 

Mean 18.3 


fluid corresponds approximately to 570 cc. of the tissue of the forearm 
Consequently, when we convert our values into those for the plasma flow 
per 100 cc. of the tissue of the forearm, we get as plasma flow 1.4—4.4 cc, 
‘mean 2.7 cc.) in normal and 2.1—6.3 cc. (mean 3.2 cc.) in hypertensive 
individuals. When we convert these values into blood flow, we get 2.3- 
7.3 cc. (mean 4.5 cc.) as blood flow per 100 cc. of the tissue of the forearm 
in normal and 3.5-10.5 cc. (mean 5.3 cc.) in hypertensive individuals in 
approximation, although we have not estimated hematocrit values. Our 
values on normal individuals are equal in approximation to those reported 
by Barcroft ef al. as 2-7 cc. 

Then we will compare our results with Kety’s. Kety®” injected 
Na®! into gastrocnemius and calculated the value for k from the following 
formula, 

k log C,—log C, 

0.4343(t,—t, 
where C, and C, equal counts by Geiger-Miiller counter per minute at 
time t, and t, respectively. And on the other hand, k is represented 
theoretically by the following formula 
k mkv nF, 
S Ss 
where S represents sodium space in a small unit mass of the tissue, into 
which Na*4 has been injected, Fy and Fy, the respective venous and lym- 
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phatic outflow per minute, and m and n are constants with values between 
o and 1. According to him k, that is, the clearance constant, although 
not a rigid measure of total blood flow, is an accurate and quantitative 
measure of the effectiveness of the local circulation including not only 
blood flow but other mechanisms responsible for local homeostasis. In 
tissues where diffusion occurs rapidly and is not a limiting factor, the 
clearance constant approximates the blood flow. 

The values for k in 8 cases reported by him are between 0.033—0.066 
(mean 0.050). Because Na** is distributed only in extracellular fluid and 
it is so diffusible that m and n may be equal in approximation to 1, we 
can assume the values for k equal in approximation to the plasma flow 
per I cc. of extracellular fluid per minute in gastrocnemius, and so the 
plasma flow per 100 cc. of extracellular fluid per minute is 3.3-6.6 cc. 
(mean 5.0 cc.) in gastrocnemius, one third our values in forearm. (It 
must be emphasized that Kety has not performed such a calculation for 
the reason mentioned above.) ‘This difference between the values ob- 
tained by our method and calculated by us from Kety’s results seems to 
depend upon the difference of the region, at which measurement was 
done, because it seems natural that the blood flow will differ in different 
organs or tissues. 

Sancetta ef al.!) have reported 0.0232—0.4226 cc. as the rate of blood 
flow in the finger per 5 cc. of part per minute determined by the venous 
occlusion technique of Cranley ef a/.!® in 8 normal individuals. When 
these values are converted in the rate of blood flow in the finger per 100 cc. 
of part per minute, we get 0.46—-8.5 cc. (mean 4.8 cc.).. Our values for 
the blood flow per 100 cc. of the tissue in the forearm per minute in normal 
individuals are 2.3-7.3 cc. (mean 4.5 cc.) as mentioned above, and both 
values are approximately equal. 

By the method reported by Smith e/ al.) and Ishikawa et al.” numerical 
volume of the blood flow can not be obtained. 

Comparing our results with those of the authors above mentioned it 
is supposed that the theory underlying this method will be correct and 
it can be applied clinically. 

Between blood pressure and the blood flow in forearm the relation 

) 


R j Must exist, where R, F and P represent the peripheral resistance, 
the blood flow and the pressure difference between the mean arterial 
pressure and the venous pressure, respectively. The venous pressure is 
said to vary considerably in different individuals, and in hypertension it 
is usually within normal limits. In these experiments we have not es- 


timated the venous pressure in antecubital vein and also hematocrit values, 
so we can not know the accurate pressure difference and the volume 
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of the blood flow, but, because the venous pressure will be very small, 
when compared with the mean arterial pressure, and the ratio of the plasma 
flow to the blood flow will be almost constant, the ratio of the mean arterial 
pressure to the plasma flow can be thought to be proportional to the peri- 
pheral resistance. We expected that this ratio would be greater in hyper- 
tensive individuals than in normal, but such a relation could not be found. 
Because the values of the plasma flow in the forearm in hypertensive in- 
dividuals are slightly greater than normal as shown in tables, there results 
consequently no increase in the peripheral resistance in the forearm of 
the hypertensive in spite of increase in the mean arterial pressure. For 
this, two reasons can be guessed: 1) that in the forearm of the hyper- 
tensive there is no constriction of arterioles more than the normal or 2) 
that, although the arterioles in the forearm constrict to some extent in 
hypertensive individuals, the constriction of the arterioles in other organs 
or tissues is more increased than in the forearm and the blood flow in those 
organs or tissues of greater resistance will be decreased, resulting in increase 
in the blood flow in the forearm, because it is an accepted fact that the 
cardiac output is usually of normal value in hypertension. In case No. 
27 the renal plasma flow is 430 cc. and the plasma flow in forearm 23.1 cc., 
and the latter seems to be relatively greater, compared with the former. 
So it can be supposed that in this case the blood flow in the forearm may 
be increased passively owing to the decrease in the renal plasma flow, 
against which the resistance in the kidneys would presumably have been 
increased. But the extraction rate of PAH in hypertensive individuals, 
whose kidneys have been injured, is expected to be smaller than in normal, 
and if so, the real renal plasma flow will be greater than the calculated 
value. In case No. 29, in which the renal plasma flow and the plasma 
flow in the forearm are both of great value, it is presumed that the stroke 
volume and cardiac output will be greater than normal, resulting in hyper- 
tension and increase in the plasma flow both in kidneys and forearm, but 
because we have not estimated it, we can not conclude. 

Finaliy, we did not estimate hematocrit values and venous pressure 
and the cases studied are few in number, so we can conclude nothing 
about the hemodynamics in hypertension in this study. 

This method is based on the assumption, that in the forearm the 
relation ACy+ Veg +GCgo = (A+ V+G)cy will exist in approximation, and 
therefore the blood flow can be estimated by this method in any organ or 
tissue, where the above mentioned assumption will exist, and this method 
can be applied clinically for estimating the blood flow in peripheral organs 
or tissues. But it must be clarified in future, to what extent the assump- 
tion AC,+Ve,+GCe, = (A+V+G)cpo, that is, that the mean concentra- 
tion of PAH in the extracellular fluid is approximately equal to the PAH 


i 
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concentration in the veins, will exist in organs or tissues in question. 


SUMMARY 


A method for measuring the volume of the peripheral blood flow by 
using’ PAH was reported. ‘The values of the plasma flow per 100 cc. of 
extracellular fluid in forearm per minute was 8.0-25.3 cc. (mean 15.2 cc.) 
in 22 normal individuals and 11.9-36.1 cc. (mean 18.3 cc.) in 10 hyper- 
tensive, and this method is supposed to be able to be applied clinically 
for estimating the blood flow in organs or tissues, where the assumption, 
that the mean concentration of PAH in the extracellular fluid is appro- 
ximately equal to the PAH concentration in the veins, can exist. 
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The writers have previously reported on electrophoresis applied to 
the study of liver protein in this Journal’, and here we will report on the 
liver protein fractions in surgical gastric diseases as analyzed by our method. 


EXPERIMENTAL 
Methods 


For preparing the extract of the liver tissue protein (called simply 
liver protein hereunder) from liver specimens, the procedure for electro- 
phoresis and identification of the fractions, the methods previously de- 
scribed") were followed. 

In discussing the behavior of the liver protein fractions, the state of 
the liver functions come into the question. For testing the liver functions 
in the experimental subjects, the serum icterus index, Bromsulphalein test 
and Takada’s serum test were applied. Cases with the icterus index 
below 10 were evaluated as normal, those with 10—20 as mild and over 
20 as severely troubled in liver function; the cases with Bromsulphalein 
test (30 min. value) below 5 percent as normal, those with 5-20 percent 
as with mild and over 20 percent as with severe liver troubles. The 
cases with positive reaction in Takada’s serum, were evaluated as severely 
disturbed in their liver function. In general evaluation, the cases showing 
positivity in any one of the above three tests were deemed as having mild 
disturbance (+) and those with more than one positive reactions as severely 
disturbed in their liver function (+). 


Results 


I. Liver protein fractions in the mild cases of gastric diseases 
357 
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Of the 108 cases tested, two of chronic gastritis and six of gastric ulcer 
showed more than 4 million in red cell count, more than 80 percent in 
hemoglobin content (Sahli), hematocrit value of 42-43 percent, normal 
level of liver function and were in good general conditions. These eight 
cases will be taken up first. In these cases only Ringer’s solution or 5 
percent glucose solution (500-1000 cc) was administered but no blood 
transfusion was applied before operation. 

The measured contents of the liver protein fractions in these cases are 
given in Table I. The ranges and the mean values of 4.0-7.1 percent 


TABLE f 


Liver Protein Fraction Values in Mild Cases 





Fraction values (%%) 


Case 

Alb. a-Gl. B-Gl. f-Gl. y-Gl. 
Gastritis 4.0 16.2 47.5 21.1 11.2 
Gastritis ss 16.1 46.5 19.3 12.9 
Gastric ulcer 5 17.9 46.3 19.9 10.0 
Gastric ulcer 5.9 19.0 45.2 20.8 9.1 
Gastric ulcer 6.1 17.3 45.9 17.8 12.9 
Gastric ulcer 6.2 14.0 49.2 20.5 10.1 
Gastric ulcer 6.4 19.4 48.1 18.5 7.6 
Gastric ulcer 7a 16.6 48.9 18.4 9.0 


homer 1:0-4.1) (14.0~19.4)  (45.2.49.2) (17.821.1) (7-1-~12.9) 


17.0 47.1 19.4 


and 5.8 percent of albumin, 14.0-19.4 percent and 17.8 percent of «- 
globulin, 45.2—49.2 percent and 47.1 percent of f-globulin 17.8-21.1 
percent and 19.4 percent of £-globulin and 7.6-12.9 percent and 10.7 
percent of y-globulin may be taken as the control value under normal liver 
function. 

II. Liver Protein fractions in cases of gastric diseases 

The results of electrophoresis obtained with six cases of chronic 
gastritis, 44 cases of gastric or duodenal ulcer and 50 cases of gastric cancer, 
compared with the values cited above, the z-globulin value showed little 
change, the difference nearly always consisting in the changes in the 
albumin, f-, £- and ;7- globulin values; so the £-globulin value was chosen 
as the main criterion in classifying the cases into five types, as follows: 

Type I. Cases with all the values of the fractions within the control 


range. 
Type II. Those with subnormal £-globulin values and high £- 
globulin values, but the other fractions within the control range. 
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Type III. Those with low f- but high ;-globulin values, with the 
other fractions within the control range. 


Type IV. Those with lowered f-globulin but raised albumin and 
;-globulin values. 
Type V. Those with lowered f-globulin and raised albumin values, 


the other fractions remaining within the control range. 

(1) Liver protein fractions in cases of gastritis and gastric ulcer In the 50 
cases of gastritis and ulcers, the liver protein fraction picture belonged to 
Type I in 26 cases, to Type II in four cases, to Type III in seven cases, to 
Type IV in nine and Type V in four cases. The maximum, the minimum 
and the mean values in individual cases by the Types were as summarized 
in Table II. 

Among the 26 cases of Type I, two had pyloric stenosis, three had 
severe anaemia, and one had perforation, but excepting these, the other 
20 cases showed excellent general conditions and no complicating symp- 
toms. In these cases, all the tests for the liver function showed results 
well within the normal ranges. 

The four Type II cases were also free of complications and showed 
good general conditions, but their /-globulin content showed the low 
values of 34.7-39.3 percent, averaging 37.1 percent and their £-globulin 
value was always above 22.8 percent, showing the high mean of 28.9 
percent. 


TABLE 


Liver Protein Fraction Values in Gastritis-Ulcer Cases 





Number Fraction values (average, °%) 


Type of of 

aero cases Albumin a-Glob. 8-Glob. &£-Glob. 7-Glob. 
Tene 1 96 5.6 18.5 46.2 19.6 10.1 
ype (3.5~ 7.8) (13.8~20.0) (44.5~50.2) (16.8~21.3) ( 7.2~12.5) 
Tyne If 4 7.4 16.7 $7.1 28.9 9.9 
a (3A~ 92) 11 .1~20.7 34.7~39.3) (22.8~40.3) ( 8.1~10.8 
Tene E88 " 72 15.1 35.1 18.5 24.1 
se : ( 4.8~ 8.4 9.4+21.5 22.2~39.9) (13.3~21.7) (14.0~43.4 
a . 11.7 14.6 31.3 18.3 24.1 
1 ' 10.0~13.6 8.8~19.0 25.0~40.7) (14.3~22.7) (14.6~31.4 
—" ‘ 14.6 19.0 39.1 18.0 9.3 
7 (2-77 17.3~20.5 36.1~41.3) (15.8~20.7) ( 7.9~11.5 


Of the seven Type III cases, five were suffering from hemorrhagic 
ulcers and showed seriously deteriorated general conditions, while another 
had pyloric stenosis and the remaining one had pulmonary tuberculosis 
in complication, both showing bad general conditions. In all these cases 
the f-globulin value was very low (mean value: 35.1°%) but the y-globulin 
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value very high (mean value: 24.1°,). Especially, in two of the cases. 
the #-globulin value was reduced to 22.2 percent and 26.0 percent and the 
y-globulin value risen to 43.4 percent and 38.2 percent, respectively, showing 
a very peculiar tendency. 

In these seven cases of Type III, the -globulin value averaged by 
12.0 percent below the control (or dropped by 25.4", in rate) and the 
y-globulin value averaged 13.4 percent above the control (or risen by 
125.2°,, in rate). In these cases, however, all were found to be free of 
liver disturbances, except one which showed a slight disturbance in the 
liver function. 

In Fig. |. are shown the representative liver protein electrophoretic 
patterns of cases with hemorrhagic gastric ulcer belonging to ‘Type III. 





(Control Ca se) 


.* 1 ‘ . . . 
Fig. 1. Electrophoretic patterns of Type III cases with hemorrhagic 
ulcer, 


Of the nine cases belonging to Type IV, one showed good general 
conditions, but five had hemorrhagic ulcer, two had pyloric stenosis and 
one had lung tuberculosis in complication, these eight showing deterio- 
rated general conditions. Especially, in the cases of hemorrhagic ulcer, 
the red cell count was lowered below 3.3 million, the hemoglobin content 
to below 70 percent (Sahli) and the serum protein to below 6.0 g./dl., 
indicating serious conditions. 








Ir 
cent, < 
cent O 
40.7 p 
indivic 
;-globi 
averag 
to 27. 

T 
5.9 pe 
was Ic 
13.4 
nine ¢ 

C 
one Cz 
pylori 

I 
avera: 
globu 
39.1 | 

I 
by 8.4 
by 8. 
cases, 
with 
I live 
in fo 
Type 

good 
had 


of gz 
71 ci 
sevel 
and 

sum 


two 

Ahi 
acca 
that 














Liver Protein 361 


In all these cases, the albumin content always rose above 10.0 per- 
cent, averaging 11.7 percent and cases with 13.4 percent and 13.6 per- 
cent of this value were observed, while the f-globulin value was below 
40.7 percent in all cases, averaging 31.3 percent, especially notably low 
individual values of 25.0, 27.2 and 27.7 percents were observed. The 
y-globulin value was supernormal, always exceeding 14.6 percent and 
averaging 24.1 percent. In particularly high cases, the value amounted 
to 27.2, 30.6 and 31.4 percents. 

The mean value of albumin in these Type IV cases was higher by 
5.9 percent than the control (or risen to 101.7°,), that of £- and ;-globulins 
was lowered by 15.8 percent (or fallen by 33.5% in rate) and risen by 
13.4 percent (or raised by 125. 
nine cases, however, slight liver failure was observed in only two cases. 

Of the four Type V cases, the general conditions were good in only 
one case, two of the other cases having hemorrhagic ulcers and one having 


5° in rate), respectively. Among these 


/ 


pyloric stenosis. 

In these cases, the albumin value always rose above 11.2 percent, 
averaging 14.6 percent, in one case rising to 17.7 percent, and the /- 
globulin value stood between 41.3 percent and 36.1 percent, averaging 
39.1 percent below the mean control value. 

In these four cases of Type V, the mean albumin value was risen 
by 8.8 percent (or risen by 151.7°%), and the £-globulin value was lowered 
by 8.0 percent (or dropped by 16.9°,) from the mild case. In all these 
cases, the liver function tests showed normal values, except in one case 
with slight liver failure. 

Among the above gastritis and gastric ulcer cases, 50 in total, Type 
I liver protein fraction picture was observed in 26 cases, that of Type II 
in four cases, of Type III in seven cases, of Type IV in nine cases and of 
Type V in four cases; 24 of the 30 Types I and II cases (80°,,) showed 
good general conditions and 18 of the 20 Types III, IV and V cases (90°,) 
had complications. 

(2) Liver protein fractions in cases of gastric cancer Among the 50 cases 
of gastric cancer, the liver protein fraction picture belong to Type I in 
21 cases, to Type II in four cases, to Type III in 12 cases, to Type IV in 
seven and to Type V in six cases. ‘The individual maximum, the minimum 
and the mean values of the liver protein fractions by the Types were as 
summarized in Table III. 

In the 21 cases of Type I, including three with pyloric stenosis and 
two with highly advanced cancer, all showed good general conditions. 
A highly advanced cancer means that the tumors were widely disseminated, 
accompanying ascites or wide metastasis, the cancer was so advanced 
that no other operation than mere exploratory laparotomy or total gastrec- 
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tomy was performed. 

The four ‘Type II cases were all with highly advanced cancer, including 
one that had to be subjected to total gastrectomy and another case for whom 
we could undertake only exploratory laparotomy. The liver function 
was slightly disturbed in two cases. 

In these cases the #-globulin value was always reduced, though moder- 
ately (38.7% 41.6%, averaging 40.0%) but the ¢-globulin value rose 
always above 22.7 percent averaging 29.0 percent, and in particular, went 
up extremely to high values in two cases (33.3% and 37.2%). 

Of the 12 Type III cases, two showed good enough general condi- 
tions, but in the other 10 cases, the general conditions were badly deterio- 
rated, of which four were subjected to total gastrectomy and two to ex- 
ploratory laparotomy. ‘The liver function was slightly disturbed in 
three cases. 

In these cases, the £-globulin value was always low (43.6%-36.1%, 
averaging 40.9%) but the y-globulin value was high (13.5% -20.2%, 
averaging 16.8%). 

The mean f-globulin value in these cases was reduced by 7.2 percent 
(or dropped by 13.1°% in rate) and the mean globulin value was raised 
by 6.1 percent (or by 57.0% in rate) as compared with the values of the 
mild cases. 

Of the seven cases of ‘Type IV, one was rather good in general condi- 
tions, but in the others, the cancer was highly advanced, including one 
case with hemorrhagic cancer and four that had to undergo total gastrec- 
tomy. 


Taste. 1 


Liver Protein Fraction Values in Gastric Cancer Cases 





Type of — Fraction values (average, %) 

So cases Albumin a-Glob. 3-Glob. £-Glob. 7-Glob. 
Type I 21 6.5 17.6 45.7 19.6 10.6 

yP ? (4.2~ 8.0) (13.5~19.3) (45.3~47.2) (17.0~20.6) ( 7.0~11.8) 
Type II 4 15.2 15.9 40.0 27.0 9.9 
Sy (2.5~ 7.7) (14.4~20.3)  (38.7~41.6) |(22.7~37.2) ( 6.8~12.3) 
Type HI 12 5.9 16.2 40.9 20.2 16.8 
YE - (3.1~ 7.5) (12.3~21.8) (36.1~43.6) (17.0~ 22.2) (13.5~20.2 
Dieser ; 10.9 16.0 37.8 17.2 18.1 
ype ; (10.2~12.1) (12.4~20.3) (31.6~42.5) (13.2~19.3) (14.4~26.7) 
d 4 ¢ Q 2 

Type V 6 14.9 19.6 36.3 19.9 9.3 


(11.4~20.3) (17.0~22.5 31.2~39.1) (17.7~22.0) ( 7.0~11.2) 


In these cases the albumin value was always raised (10.2°%-—12.1%, 
averaging 10.9°,), the /-globulin value was lowered (42.5° ~31.6%, 








IV 


ul 
for 


wi 
ar 


ul 
w 


6 





ng 
ym 
on 


Os 


Os 











Liver Protein 363 


averaging 37.8%) and the ;-globulin was found risen (14.49 )-26.7%, 
averaging 18.1%). In the case with hemorrhagic cancer, in particular, the 
albumin value registered 11.2 percent, the £-globulin, value 33.6 percent and 
the ;-globulin value 26.7 percent, manifesting a very peculiar tendency. 

In comparison with the mean value of mild cases, the mean albumin 
value in these seven cases was higher by 5.1 percent (or by 87.9%, in rate), 
that of £-globulin was lower by 7.4 percent (or by 19.7% in rate) and that 
of ;-globulin higher by 7.4 percent (or 69.1%, in rate). The liver function 
was slightly disturbed in one case only. 

In the seven cases of Type V, the cancer was highly advanced and 
the general conditions were also deteriorated. ‘Two of them were operated 
upon for total gastrectomy and two others for exploratory laparotomy. 
The liver function was slightly disturbed in three cases. 

In these cases, the albumin value was always over 11.4 percent averag- 
ing 14.9 percent and in one case the particularly high level of 20.3 percent 
was observed, while the f-globulin value was always low (31.2°,—39.1°), 
averaging 36.3%). 

In comparison with the values of mild cases, the mean albumin value 
was higher by 9.1 percent in absolute value (or by 156.8%, in rate) and 
the mean f-globulin value was lower by 10.8 percent (or by 22.9% in 
rate). 

In the above 50 cases of gastric cancer, 21 showed liver protein fraction 
picture of Type I, four that of Type II, 12 that of Type III, seven that of 
Type IV and six that of Type V. Sixteen of the 25 cases (64°) of Types 
I and II showed good general conditions, while 23 of the 25 cases (92%) 
of Types III, IV and V had complications or highly advanced cancer. 

III. Comparison of liver protein fraction picture in gastritis-ulcer cases and 
gastric cancer cases 

The values in the two groups of such cases are summarized in Table 
IV. 

The Type I cases occupied a bare majority of 26 among 50 gastritis- 
ulcer cases (52°), but among the 50 cancer cases 21 of Type I cases were 
found (42%), a smaller number than among the former. 

The Type II cases accounted for 8 percent only in both the groups. 

The Type III cases represented 24 percent (12 among 50) in the 
cancer group, while in the gastritis-ulcer cases 14 percent (7 among 50) 
were of this type; thus, among the former, the cases with low /-globulin 
and high ;-globulin were more frequent than among the latter. 

The Type IV cases were somewhat more frequent in the gastritis- 
ulcer group (9 or 18°) than among the gastric cancer cases (7 or 14%), 
while of Type V cases, the reverse was the case (4 or 8% in the former and 
6 or 12%, in the latter groups). 
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TABLE IV 
Comparison of Liver Protein Fraction Picture in Gastritis-ulcer 
Cases and Gastric Cancer Cases 





Case | Type— I II III IV V 

Gastritis-ulcer 26 + 7 9 4 
(50 cases) (52.09%) (8.0%) (14.095) (18.0%) ( 8.09%) 

Gastric cancer 21 4 12 7 6 
(50 cases) (42.0%) (8.0%) (24.0%) (14.0%) (12.0%) 


Discussion AND CONCLUSIONS 


Recently, with the advance in filter-paper electrophoresis, studies on 
electrophoretic studies on tissue protein have increased, but there is no 
report on a clinical study of the liver protein, so far as we known. 

We have herein presented the findings on the albumin, and the <-, 


B-, £- and ;-globulin contents in the protein extracted from the liver of 


108 surgical gastric disease cases, as fractioned by electrophoresis and 
identified by the methods described in Report I. 

Of the 108 cases, eight showed very good general conditions, their 
red cell count, hemoglobin content and hematocrit value were all within 
the normal range, and their liver function was also normal; we took these 
mild gastric disease cases as controls in this study. Of their liver protein 
fraction, albumin was present only in a very small quantity (mean value : 
5.8%) while the globulins occupied a very large part (mean value: 94.2°,) 
and among these, f-globulin was most abundant. 

Demling et al.*) divided the cellular components into three parts and 
by paper-electrophoretically fractionating of the protein in these parts, 
they found the mean values of 4.87 percent of albumin, 15.66 percent of 
a-globulin, 55.67 percent of f-globulin and 23.78 percent of ;-globulin. 
Their method of extracting protein was not the same as ours, but their 
findings on the smallness of the albumin content and the great predomi- 
nance of globulins may be deemed as similar to our results cited above. 

Luck® and Urban*? also proved that the liver protein consists in the 
greatest part of globulin, by the biochemical method. 

In our study on the protein fractions of 100 cases except for the eight 
above, we attempted a classification into five types with the changes in 
the f£-globulin content as the main criterion. 

Among the 50 cases of each of gastritis or gastric ulcer and of gastric 
cancer, 24 of the 30 Types I and II cases of the former (80%) and 16 
of 25 Types I and II cases of the latter (64°,) showed good general con- 
ditions. 

But the Types III, 1V and V cases were in the majority cases with 
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bad general conditions, having hemorrhage or pyloric stenosis in compli- 
cation (18 of 20 cases or 90%, among the gastritis-ulcer cases and 16 of 
25 cases or 64%, of gastric cancer cases). 

Thus, among the cases of gastric diseases, those with the liver protein 
fraction picture within the range of the control values of mild cases were 
generally good in general conditions, while those with the picture of re- 
duced #-globulin and augmented ;-globulin and/or albumin were usually 
cases with complications or advanced diseases. 

Demling e¢ al.) in their experiments with rats, have demonstrated 
that £-globulin in the liver protein was markedly reduced in the cases with 
general disturbances due to poisons. We found a similar tendency in our 
clinical cases. 

It must be noted that such a tendency is more marked in the cases 
of hemorrhagic ulcer than in those with gastric cancer. 

Ohi®’ and Le Veen® report that bleeding in the stomach causes several 
functional and morphological disturbances to the liver than peripheral 
bleeding. We found no marked liver disturbances by our clinical liver 
function tests in our cases with gastric hemorrhage, but in our liver protein 
electrophoresis, we found a tendency specific to them, so that from the 
angle of liver protein we can make inference on the specific effect of gastric 
hemorrhage. 

In the last place, we found that the cases belonging to our Type I 
with their liver protein fraction contents within the range of the control 
values were somewhat more frequent among the gastritis-ulcer cases (52%) 
than among the gastric cancer cases (42°), while these belonging to the 
Types III, IV and V with the f-globulin value lower, the ;-globulin and/or 
the albumin value higher than the controls were somewhat more numerous 
among the latter (50%) than among the former (40°%,), this tendency 
being most marked among the Type III cases (24°, among the gastric 
cancer and 14°, among the gastritis-ulcer cases). The slightly higher 
frequency of IV cases among the gastritis-ulcer cases may be due to the 
five hemorrhagic ulcer cases among the nine Type IV cases. 


SUMMARY 


By means of our electrophoretic method applied to analyse the liver 
protein, as reported in Part I of this series, we studied the liver protein 
fractions in eight cases of chronic gastritis and 50 cases each of gastric or 
duodenal ulcer and of gastric cancer. The results obtained were as follows : 

1. The liver protein in two cases of chronic gastritis and six of gastric 
ulcer, but only in mild grade as diagnosed clinically, was found to contain 
only a very small quantity of albumin (5.8°%, on the average), the remainder 
being all globulins, £-globulin being particularly abundant (47.1% on 
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the average). 

2. Of the severe cases of gastric diseases, the cases showing the 
liver protein fraction values within the range of the above mild cases were 
generally of good general conditions, but those with lowered /-globulin, 
raised ;-globulin and/or albumin value were usually cases with complica- 
tions or advanced disease. 

3. The liver protein fraction values were more frequently within 
the values of mild cases in gastritis-ulcer cases than in gastric cancer cases, 
and the /-globulin value was lowered, the ;-globulin and/or the albumin 
value raised more frequently among the gastric cancer cases. 
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The results obtained with cases of some surgical diseases of the biliary 
tract are presented in this third report. 


EXPERIMENTAL 
Method 


The method of recording the electrophoretic patterns of liver protein 
and the clinical liver function tests were the same as described in Reports 
I») and II?) of this series. 


Results 


Our subjects comprised 17 cases with cholelithiasis, 12 with non- 
calculous cholecystitis, two with cancer of the bile duct and one each with 
hepatitis, hepatic abscess and liver cirrhosis, 35 cases in total. 

The cases were classified into the five types as described in Report 
II by the results of electrophoretic analysis of their liver protein. 

I. The liver protein fraction values in the tested subjects 

Of the 35 cases of biliary tract diseases, six showed the liver protein 
fraction picture of Type I, three of Type II, nine of Type III, eight of 
Type IV and nine of Type V. The maximum, minimum and mean 
values in the groups of all the types are given in Table I. 

The six cases of Type I consisted of three cholelithiasis cases and one 
each of hepatitis, liver cirrhosis and bile duct cancer cases. In the three 
latter cases, the liver function was severly affected and the general condi- 
tions were anything but good, but the fraction values remained in the 
range of the control values. 

The Type II cases comprised two cases with cholelithiasis and one 
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with bile duct cancer and highly disturbed liver function. ‘Che f-globulin 
value in these cases was obviously subnormal (44.6°%-36.1°%, averaging 
40.3%), while the [-globulin value was high (24.7°%--27.3°,, averaging 
26.4%). 


TABLE [I 


Liver Protein Fraction Values in Biliary Tract Disease Cases 





2 . Number Fraction values (average, %%) 

Type of of 

een cases Albumin a-Glob. -Glob. £-Glob. 7-Glob. 
— 6 7.3 15.0 48.2 21.3 7.9 

YP (5.3~ 8.5) (13.5~19.2) (47.0~51.4) (20.8~21.8) ( 2.3~11.2) 
Type I 3 6.2 17.6 40.3 26.4 9.5 

YP (4.3~ 7.4) (15.1<21.3) (36.1.44.6) (24.7~27.3) ( 8.7~10.5 
— ‘ 6.4 16.3 37.9 17.9 21.4 

ype ( 1.6~ 8.4) (12.5~20.3) (29.1.43.5) (13.9~22.6) (14.0~34.6) 
Sinus s 10.9 17.1 35.8 16.2 19.0 
ype (9.0~15.2) (15.0~20.9)  (28.5~43.0) (13.2~20.9) (13.5~26.2) 
Type V 9 13.8 19.0 38.2 19.1 10.9 


(10.7~23.1) (15.4~21.6) (29.6~43.6) (15.7~21.3) ( 8.1~12.7 


The nine ‘Type III cases consisted of two cases with non-calculous 
cholecystitis with intact liver function and seven cholelithiasis cases of 
whom four had slight liver disturbances ; all these nine cases showed good 
general conditions. In these “Type III cases, the f-globulin value was 
low (37.9%, on the average) and the 7-globulin value was high (21.4%). 
In one case each with cholelithiasis and non-calculous cholecytsitis free 
of liver disturbances, the very low f-globulin values of 31.5 percent and 
29.1 percent and the very high 7-globulin values of 25.7 percent and 34.6 
percent were observed, respectively. The mean f-globulin value in the 
Type III cases was lower by 9.2 percent in absolute value or 19.5 percent 
in rate and the mean ;-globulin value was higher by 10.7 percent of by 
100 percent in rate than the mean values in the controls. 

Of the eight cases of ‘ype IV, one showed heavy and two slight dis- 
turbances in their liver, function, but the others had no liver disturbance 
and showed good general conditions. In these cases, the albumin value 
was always high (above 9.0%, averaging 10.9%), the f-globulin low 
(averaging 35.8°%, and coming down individually to the extreme low of 
28.5%, and 30.4%) and the 7-globulin value high (averaging 16.7°%, and 
rising individually to the extreme high of 24.9%, and 26.2%). In these 
Type IV cases, the mean albumin value was higher by 5.1 percent or by 
87.9 percent in rate, the f-globulin value lower by 11.3 percent or 24 
percent in rate and the 7-globulin value higher by 6.0 percent or 56.1 
percent in rate than the mean values in the mild cases. The representative 
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Fig. 1. Representative electrophoretic patterns of liver protein in Type 


IV cases of non-calculous cholecystitis. 


patterns of protein fractions in non-calculous cholecystitis cases belonging 
to Type IV is given in Fig. 1. 

Of the nine Type V cases, mild and severe liver disturbances were 
observed in two cases cach, respectively but no liver failure could be de- 
tected and the general conditions were good in the remaining five cases. 
In these cases, the albumin value was high above 10.7 percent and averag- 
ing 13.8 percent, in a case rising to the high of 23.1 percent, while the 
A-globulin value was always below 43.6 percent, averaging 38.2 percent, 
in some individual cases falling to the low levels of 32.3 percent and 29.6 
percent. Among these Type V cases, three with non-calculous cholecy- 
stitis were free from liver disturbances. The mean albumin value of these 
nine cases was 8.0 percent above mild cases or risen by 137.9 percent and 
the mean /-globulin value 8.9 percent below mild cases or reduced by 
18.9 percent in rate. 

Of the above detailed cases, five of the nine cases (56°) belonging 
to Types I and II showed good general conditions and 15 of the 26 cases 
58°,,) belonging to the other types also were of good general conditions 
and free from liver disturbances. 

II. Relation between the liver function and the liver protein fraction 
picture 
When the above 35 cases of diseases in the biliary tract are classified 
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into the group of the cases without liver disturbances so that their results 
of clinical liver function tests were nearly normal and showing good general 
conditions as Group I without liver failures and the group of the cases 
with liver failure (Group II), the distribution of the liver protein fraction 
picture in the two groups was as shown in Table II. 


Tasgiz if 
Relation between Liver Function and Liver 
Protein Fraction Picture 





Cases | Type— I II III IV Vv Sum. 
Group I (Cases without liver failures) 2 l 5 5 5 18 
Group II (Cases with liver failures) 4 2 4 3 4 17 


Of the 18 cases in Group I, 15 belonged to Types II, IV and V, only 
three being of Types I and II, while of the 17 cases in Group II, six be- 
longed to Types I and II, the remaining 11 to the other types. 

Thus, in the cases of diseases of the biliary tract, about three-fourths 
of the total cases (26 or 74.3°(,), whether with or without liver disturbances, 
showed the liver protein fraction picture of lowered £-globulin and raised 
y-globulin and/or albumin value. 

III. Comparison of the liver protein fraction picture in the biliary tract diseases 
and gastric diseases 

The subject values in the present cases of biliary tract diseases and 
those of gastric diseases, as reported in Report II, are given in Table ITI. 

The rate of the cases belonging to Type I was far smaller among the 
35 biliary tract disease cases (6 or 17.2%) than among the 100 gastric dis- 
ease cases (47 or 47%). 


TaBLeE III 
Comparison of Liver Protein Fraction Picture in Biliary 
Tract Disease and Gastric Disease Cases 





T 


Case | Type— I II III IV Vv 

Biliary tract disease 6 3 9 8 9 
(35 cases) (17.2%) (8.5%) (25.7%) (22.9%) | (25.79%) 

Gastric disease 47 8 19 16 10 
(100 cases) (47.0%) (8.0%) (19.0%) (16.09) (10.09) 


The frequency of Type II cases was small (around 8%) in both groups. 
The frequency of Type III cases was 25.7 percent (9 cases) among 
the biliary tract disease cases, being a little higher than among the gastric 
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disease cases (19 cases or 19%). 

The frequency of Type IV cases was higher among the biliary tract 
disease cases (8 cases or 22.9%) than among the gastric disease cases (16 
cases or 16%), i.e., cases with lowered f-globulin value, raised 7-globulin 
and or albumin values were more frequent among the cases of the biliary 
tract diseases. 

The number of Type V cases was nine (25.9%) in the biliary tract 
disease cases and 10 (10%) in the gastric disease cases, being far more 
frequent in the former. 

Thus, of the biliary tract disease cases 74.3 percent (26 cases) belonged 
to the Types III, IV and V, while of the gastric disease cases only 45 per- 
cent (45 cases) were of these types; that is, the frequency of cases with 
lowered f-globulin, raised 7-globulin and/or albumin value were far more 
frequent among the biliary tract disease cases. 


DiscussIoN AND CONCLUSIONS 


Reports on the decrease of liver protein at the time of liver distur- 
bances have been published by Elman®), Areil*), and Yuasa®). Sato et al.® 
confirmed the decrease in clinical cases and experimental animals and 
reported on it in a previous issue of this Journal, but there has been no 
report on the liver protein fractions in such cases, except for the one by 
Demling et al.” 

In this study, the writers have analyzed the liver protein sampled 
from surgically operated cases of biliary tract diseases into the five fractions 
indentifiable by the electrophoretic method and studied the relation of 
the fraction contents to the liver function etc. 

In the 35 cases of surgical biliary tract diseases, Type I and Type I 
cases comprised the minority (9 cases or 25.7%), while the remaining 
4.3 percent (26 cases) belonged to the Types III, IV and V. 

As to the liver function, there was found no relation between the 
function and the liver protein fraction picture, for low /-globulin and high 
y-globulin and/or albumin value was found even in the cases without 
liver disturbances, being particularly marked in the eight non-calculous 
cholecystitis cases without liver disturbances; especially, a very specific 
fraction picture of extremely low /-globulin value (29.1°,) and high ;- 
globulin value (34.6%) was notable. Such specific cases was similar to 
the finding in hemorrhagic ulcer cases as described in Report II.” 

Demling et al.”) found decrease of f£-globulin in the liver protein in 
the case of experimental liver disturbances, and stated that the behavior 
of f-globulin in the liver protein may be taken as an index of the liver 
function. 

In our study, we found not rarely cases with lowered f-globulin and 
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raised 7-globulin and/or albumin value among the cases of biliary tract 
diseases but showing good general conditions and no liver disturbances 
in clinical tests, as well as in the cases with liver disturbances. This 
finding was in coincidence with that in the severe cases of hemorrhagic 
ulcers with no liver disturbances perceptible by clinical tests; this sug- 
gests that there may be some latent liver disturbances not detected by 
routine liver function tests, in the cases of biliary tract diseases, viewing 
from the angle of liver protein. 

In comparison with gastric disease cases, we found a far more higher 
rate of Types III, IV and V cases among the biliary tract disease cases. 


SUMMARY 


Using our method for obtaining electrophoretic patterns of the liver 
protein, the liver protein fraction in 35 cases of surgical biliary tract dis- 
eases was studied. The results obtained were as follows. 

1. Among the cases of biliary tract diseases, not to speak of the 
cases with liver disturbances detected by clinical function tests, even in 
the cases free from such disturbances and showing good general condi- 
tions, lowered f-globulin value and raised ;7-globulin and or albumin 
value in their liver protein could be frequently observed. 

2. In comparison with the previously reported cases of gastric dis- 
eases, the liver protein fraction picture with lowered f-globulin value and 
raised 7-globulin and/or albumin value was more frequent among the biliary 
tract disease cases. 
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The Color-Receptive Mechanism of the Human 
Retina as Revealed by Zeta-Time Curves 


By 
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From the Physiological Laboratory, Tohoku University, Sendai 
(Received for publiction, June 22, 1959) 


It was found by Motokawa!)”) that the time-course of electrical ex- 
citability of the human eye following a brief illumination was characteristic 
of the wavelength of the light used. The excitability was measured by 
a test pulse of 0.1 sec. in duration with electrical phosphenes as an index. 
The increase of excitability over the resting level of the dark-adapted eye 
was expressed in percentage of the latter and denoted by £ (zeta). Since 
then the zeta-time curve was utilized for investigations of color vision as well 
as psychological effects including induction. In view of the fundamental 
importance of this phenomenon for physiological studies of vision, we tried 
in the present investigation to obtain standard curves for monochromatic 
lights of equalenergy. Fortunately we had a well-trained subject available 
in our laboratory, who had given consistent results throughout a variety 
of experiments carried out in our laboratory. 


Method 


Monochromatic lights of various wavelengths were produced by the 
use of a series of interference filters (Lange & Co.), the transmission bands 
of which were less than 20 my in width. The monochromatic lights so 
obtained were made equal with respect to energy by means of suitable 
neutral tint filters. The measurement of energy was carried out by a 
surface-thermopile (Kipp-Sonen & Co.) consisting of 80 elements and a 
sensitive galvanometer. By this method the distribution of energy could 
be made uniform within experimental error of about 3 per cent. 

The energy distribution of white light can differ greatly depending 
upon its source. The white light used so far in our laboratory was almost 
the same as the white light from the source A of the ICI which is defined 
as an incandescent lamp with a tungsten filament of 2848°K. The energy 
distribution of the source A is represented by a broken curve marked by 
open circles in Fig. 1. As can be seen in this figure, the energy increases 
steadily with wavelengths. 
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Fig. 1. Energy distribution of white light from source A (broken curve 
marked by open circles) and that of white light from source C (broken curve 
marked by squares). ‘Total energy was same for both. Continuous curve 
marked by dots shows energy distribution of white light C actually used in 


comparison with white light A. 


The distribution of energy is more uniform for day light which can 
be imitated by the source C of the ICI. The energy distribution of the 
source C is shown by a broken curve marked by squares in the same figure. 
The source C may be prepared with two kinds of fluid filters combined 
with the source A. The constitutions of the filters C, and C, are as 


follows : 


CuSO,5H,O 3.412 g. | 
Mannite ' 

(CyH,(OH),) aetiaiad 
Pyridine 30.0 ccm 


(C5H5N) 


Dissolved in water to 1000.0 ccm. | 


CoSO,°(NH,),.SO,6H,O 
CuSO,5H,O 

H,SO, (s 1.835) 

Dissolved in water to 1000.0 ccm. 


: 


30.580 4 
29.520 g. 
10.0 com. ( C, 
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The thickness of each filter should be 1 cm. 

In the present experiment the color-temperature of the incandescent 
lamp used was made equal to 2848°K by adjusting the voltage and mea- 
suring the color-temperature with an optical pyrometer. 

Zeta-time curves were obtained for the so prepared two kinds of white 
light, A and C, and compared with each other. 

The procedure to measure the electrical excitability was the same as 
described in a previous paper.*) The measurements of zeta-time curves 
for monochromatic lights were carried out at the fovea and at a retinal 
area on the temporal meridian 20° from the fovea. 


Results and Discussion 


Kela-time curves for monochromatic lights 

In Fig. 2 two sets of zeta-time curves, one for the fovea and the other 
for the periphery, are illustrated. At the fovea the maximum of the 
curve lies at about 1, 2 and 3 seconds for red lights of 675-640 mu, green 
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Fig. 2. Zeta-time curves caused by monochromatic lights of equal energy. 
Experimental procedure is shown in inset on right top where C.L., t and S 
dentoe colored light, time interval and electric shock of 0.1 sec. respectively. 
Baseline of each curve is shown by a horizontal line which is separated from 


the baseline of adjacent curve by 10 in zeta-value. 
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Fig. 3. Crest tims (C.T.) as a function of wavelengths. Continuous 


curve marked by dots refers to fovea and that marked by open circles to 20 
from fovea. 


lights of 535-517 mw and blue lights of 475-402 mu respectively. For 
blue and violet lights another small maximum can be seen at | second. 
Between red and green lights a gradual shift of the maximum can be seen, 
and also between green and blue lights another shift of the maximum is 
visible. In order to survey this relation more quantitatively, the crest 
time or the time from the end of the colored stimulus to the maximum 
of the zeta-time curve was plotted as a function of wavelengths in Fig. 
3. As is shown by a continuous curve marked by dots, the crest time does 
not vary steadily with increasing wavelengths, but three distinct steady 
levels of crest time can be seen. ‘This is in agreement with a previous 
finding by Motokawa*. ‘The highest one of these levels concerns blue 
lights, the middle one green lights and the lowest one red lights. The 
transition from one level to the next is rather abrupt, especially between 
the green and blue lights. This fact may be correlated with the fact that 
the red, green and blue are dominant colors in foveal vision. In the red 
and green regions the crest time remains unchanged as the wavelength 
changes. Therefore the capacity for hue discrimination must be low in 
these regions. ‘This inference coincides with the results obtained in the 
experiments on hue discrimination by Steindler®), Laurens and Hamilton® 


and others. For the same reasons the capacity of hue discrimination must 
be high in the intermediate regions between red and green and between 
green and blue, where the rate of change in crest time is higher, and in 
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reality it was shown that in these regions hue discrimination is excellent 
in normal subjects. 

In the hue discrimination curve as studied by the previous investiga- 
tors there is a region of relatively high hue discriminability between blue 
and violet parts of the spectrum, although in these regions the crest time 
is steady. 

As to the hue discrimination for these regions it should, however, be 
taken into account that two peaks appear in the zeta-time curves for the 
lights of these regions. ‘The crest time of the first small peak coincides 
with that of the zeta-time curve for red light, and this fact may be cor- 
related with the psychological fact that violet is reddish blue. As can be 
seen in Fig. 2, the relative magnitude of the first peak against that of the 
second becomes greater in agreement with the increasing subjective re- 
dishness towards the violet end of the spectrum. It is almost obvious that 
the relative magnitudes of both components as represented by both peaks 
are important for hue discrimination. ‘Therefore, we should not relate 
the crest time of the dominant maximum alone to the capacity of hue dis- 
crimination. 

Generally speaking, the zeta-time curve represents an envelope of a 
few component curves, and it seems more legitimate to assume that all 
the components more or less take part in hue discrimination. From this 
point of view, Motokawa and Isobe’) attempted to account for the hue 
discrimination curves of normal and color-defective subjects in terms of 
components, R. Y, G and B, such as exemplified in Fig. 4. 

In the parafoveal and peripheral regions of the retina red light ap- 
pears orange, and in accordance with this quality of sensations, no curve 
with a crest time of | second has been obtained for lights of 675-640 my. 
The crest time of the curves for these lights was 1.2 seconds which is equiva- 
lent to the crest time of the curve for orange light at the fovea. As is shown 
by the continuous curve marked by open circles in Fig. 3 no steady level 
of crest time can be found over the green region. If one attempt to find 
any steady levels of crest time in the periphery of the retina, they are the 
levels of 1.2, 1.5 and 3 seconds. This would correspond to the known 
prevalence of yellow and blue sensations in the periphery. 

Spectral response curves 

The experiments stated above show that sensations of red, yellow, 
green and blue are characterized by the crest times of about 1, 1.5, 2 and 
3 seconds respectively. If the ordinates at 1 second of respective zeta-time 
curve are plotted against wavelengths, a response curve for the red pro- 
cess will be obtained. ‘Those for the yellow, green and blue processes 
will similarly be obtained by using ordinates at 1.5, 2 and 3 seconds re- 


spectively. The set of the response curves so obtained for the fovea is 
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illustrated in Fig. 4 where notations R, Y, G and B refer to the red, yellow, 
green and blue processes respectively. ‘(he curve R shows a dominant 
maximum at about 620 my and a second maximum at about 460 my. 
The other curves have only a single maximum, and the location of the 
maximum characterizes each process. 
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Fig. 4. Response curves for R (red), Y (yellow), G (green) and B (blue) 
9 


processes constructed from set of curves on left of Fig. 2. 

It is to be noted that the curve Y is lowest of all. If the intensity of 
light were lower, this process would not be manifest. In the previous 
paper by Motokawa? only three processes R, G and B were visible as if 
it conformed to the trichromatic theory. At the fovea and for a small 
visual angle the process Y was shown to be negligibly small”). 

For the construction of response curves it is profitable to measure zeta 
values—say at | second—for the whole range of wavelengths successively 
within one session. By this method a much smooth response curve than 
those illustrated in Fig. 4 will be obtained. The latter were obtained 
indirectly by way of zeta-time curves which were obtained day after day, 
so that the response curves based on these zeta-time curves were more 





irregular because of daily variations. 

Keta-lime curves for white lights from sources A and C 

The intensity of the white light A was measured at a circular patch 
placed at a distance of 30 cm. in front of the subject’s eye. The patch 
was 1° in visual angle. The white light C was prepared in such a manner 
that the two filters mentioned above were placed just before the patch, 
the light source being A. The intensity was expressed in values measured 
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before the filters. ‘The energy distribution of the white light C as measured 
behind the filters is represented by the continuous curve marked by dots 
in Fig. 1. One will notice a great difference in energy between white 
lights A and C. 

The white light A appeared yellowish to the subject in comparison 
with the white light C. Curious to say, the subject reported that the 
white light C appeared as bright as the white light A, although the total 
energy of the former was decidedly smaller than that of the latter. 

Zeta-time curves for white lights A of varying intensities are repre- 
sented by broken curves in Fig. 5, where those for white lights C are shown 
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Fig. 5. Zeta-time curves for white lights A (broken curves) and C (con- 
tinuous curves). Intensities for a, b, c, d and e were 10,000, 1,000, 100, 10, and 
1 lux respectively. Intensities as measured before filters for 1, 2, 3, 4, 5, 6 and7 


were 56,000, 5,600, 560, 56, 5.6, 0.56 and 0.056 lux respectively. 


by continous curves. All of them have a maximum at about 2 seconds 
in agreement with the previous data. However, there is a marked diffe- 
rence between both kinds of curves concerning their forms. ‘The continuous 
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curve is lower at the premaximal part than the broken one to be compared, 
but higher at the postmaximal part, and this characteristic indicates the 
less yellowish and more bluish property of the white light C. 

In Fig. 6 the maximal amplitudes of the zeta-time curves of both sorts 
are plotted as ordinates against the intensities as abscissae. It is to be 
noted that the intensities of white lights C given in this diagram refer to 
the values measured before the filters. Despite this situation, the data 
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Fig. 6. Zeta-values at 2 seconds as a function of intensities of white lights 
A and C. Intensities of white lights C refer to values measured before filters. 


Abscissae log intensity (lux). 


concerning both kinds of white light can be represented by a sigmoid curve 
common to both. This finding indicates that the filters used for the source 
C little affected the maximal amplitude of the zeta-time curve. This fact 
may be correlated with the similar brightness sensations evoked by both 
kinds of white light. 
Curves of induction 
Retinal induction caused by various colored lights was investigated 
by Motokawa®) and Onoki®). In the present experiment more systematic 
measuremens were carried out on the same subject as served in the pre- 
ceding experiment of zeta-time curves. On the left side of Fig. 7 curves 
of direct induction are illustrated, which were obtained by illuminating 
the fovea with a monochromatic light and then with a white test light. 
Both stimuli lasted for 2 sec. and were separated by an interval of 2 sec. 
The measurements of the electrical excitability were done at various times 
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Fig. 7. Curves of direct induction (left) and those of indirect induction 
right). Sequence of procedure and patches used are shown in insets where 
notations I, Wh, t, S stand for inducing colored light, white test light, time 





interval and electric shock respectively. Zeta-time curves for white test light are 
shown at bottom. Intensity of inducing light was 10,000 lux as measured 


before filter and that of white test light 50 lux. 


| from the end of the white test light. The broken curves at bottom are 
| the zeta-time curves for the white test light alone. 
The curve of direct induction is, in character, complementary to the 
| curve which would be obtained for the colored light alone. ‘The meaning 
of the complementarity of curves is as follows: As yellow and blue are 
| complementary colors and cause zeta-time curves with a crest time of 
| 1.5 sec. and 3 sec. respectively. Therefore a curve with a crest time of 
| 1.5 sec. may be regarded as complementary to a curve with a crest time 
| of 3 sec. 
| 
| 
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On the right side of Fig. 7 curves of indirect induction are shown. 
In this experiment the white test light illuminated a point just outside 
the area preilluminated by the colored light. The curve is, in character, 
complementary to the curve of direct induction caused by the same colored 
light. 


SUMMARY 


The color processes caused by monochromatic lights of equal energy 
were investigated and expressed in terms of zeta-time curves which indicate 
the time-course of electrical excitability following a brief illumination. 

1. Comparison was made on zeta-time curves obtained at the fovea 
and at 20° from the fovea. 

2. Zeta-time curves for two kinds of white light from sources A and 
C of the ICI were compared. 

3. Curves of direct and indirect induction were investigated at the 
fovea. 
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Diet and Experimental Diabetes 
I. Influence of Diet on Carbohydrate Metabolism in Normal Rats 
By 

Tatuo Saito, Akira Wakui and Akira Ohneda 
Gat We i HE) (ih + i) (K He FAR) 

From the Medical Clinic of Prof. T. hurokawa, 

Tohoku University, Sendai 
(Received for publication, June 24, 1959) 

There have been a numerous trials to produce experimentally diabetes 
mellitus, such as administration of alloxan", extract of pituitary gland?’, 
thyroid®), adrenal cortical steroid’) and glucose®’, since Mering and Min- 
kowski® reported experimental diabetes mellitus by pancreatectomy in 
dogs. 

These pathogeneses in animals, however, are considered to be different 
from that in man from many standpoints, whereas it is worth to notice 
such factors related to diet or obesity. 

Houssay and Martinez’) reported that the occurrence of diabetes 
mellitus was observed in early period when the subtotally pancreatec- 
tomized animals were fed with the high lard diet. 

In 1956, diabetes mellitus was induced in two dogs partially pancreat- 
ectomized and fed with-high-protein high-fat diet by Takaoka and co- 
workers). 

Recently Kotake and coworkers® observed that the rats showed hyper- 
glycemia about one hundred and seventy days after the feeding with high- 
protein high-fat diet. 

We experimented to observe the influence on the carbohydrate me- 
tabolism of rats fed with different diets. 


EXPERIMENTAL 
Materials and Method 


One hundred and five normal male rats of the Wistar strain were 
used for this experiment. All animals were divided into seven groups 
and fed with different diets for two months as shown in Table I. 

The changes of body weight, sugar in urine and fasting blood sugar 
were estimated during whole experimental period. Two months after 
the introduction of experimental feeding, all animals were subjected to 
glucose tolerance test after twelve fasting hours, in which 20°, solution 
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TABLE I 
Composition of Diet 


Figures express weight proportions to total of 100, excepting those showing 
caloric values 





Diet group 


: F VI VII 

. ; II Ill I\ \ : : 

epee I High- High- —- High- High-fat High- = High- 

Standard protein protein fat (High- f h-fat E h-fat 

(Isocal.)* (High-cal.) (Isocal.)* cal.) Gael ys (High-cal ) 

Carbohydrate 70 57 61 24 46 10 35 
Protein 12 25 22 18 12 36 25 
Fat 8 8 7 48 32 44 30 
Vitamin & salt 10 10 10 10 10 10 10 
Calories per day 82 82 92 82 107 82 105 


Note: Carbohydrate : Irish potato flour. Protein: casein. Fat: lard. Vitamin 
and salt: Ebios, McCollum salt and cod liver oil in proportion of 4:4:2 by 
weight. 

* With equal calories to the standard diet. 


of glucose was given orally in amount of 2.0 gm. per kg. body weight. 
0.05 cc. of blood was taken from the tail vein and the blood sugar level 
was estimated by Asari’s modified method!® of Fujita and Iwatake’s micro- 
method’. In glucose tolerance tests, blood was taken in every 30 minutes 
for three hours. 

Sugar in urine was checked by Testape (Lilly). 

Few days after glucose tolerance test, every five rats in each dietary 
group were sacrificed for the pathohistological studies. 

The free acetone value of blood and glucose uptake of diaphragm 
were estimated by Shimazono’s modified method!?) of Greenberg and 
Lester’, and Gemill’s method", respectively. 


Results 


Change in body weight 

Increase in body weight was observed in all dietary groups, especially 
remarkable in the group of high-protein high-fat dict. 

Fasting blood sugar 

Fasting blood sugar of normal male rats of the Wistar strain was 69 
to 132 mg%, mean value being 109.6 mg®,. 

The blood sugar level remained in the normal range in all groups, 
none of them showing persistent hyperglycemia. 
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Urine sugar 

Positive urine sugar was found in none of animals throughout whole 
experimental period. 

Glucose tolerance test two months after the introduction of experimental feeding 

The normal glucose tolerance curve is shown in Figure 1. These 
blood sugar levels are the mean values of twenty one normal male rats, 
showing the similar curve with that in man, reaching the peak in 30 to 
60 minutes and falling to initial level 120 to 180 minutes after glucose 
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Fig. 1. Glucose tolerance test of normal rats. 


Comparison of glucose tolerance in each group with this normal curve 
was as follows: 

(a) The stz.dard diet group. Blood sugar level in glucose tolerance 
test remained in the normal range. ‘The peak level was not elevated higher 
than 200 mg”, with negative urine sugar (Figure 2). 

(b) The high-protein diet group. Initial level was not different 
from the normal one, some showing higher level in peak than 200 mg%%, 
and the time falling to the initial level being retarded in both high- and 
isocaloric groups. Decreased glucose tolerance was observed in one rat 
in this high-caloric group, the maximum blood sugar level reached 
254 mg, and positive urine sugar was found in glucose tolerance test 
(Figure 3). 

(c) The high-fat diet group. ‘The tendency of high initial level, 
higher maximum and prolonged recovery to intial level was more remarka- 
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Glucose tolerance test of a rat in the group of standard diet. 


Fig. 2. 
The broken lines in Figures 2 to 5 represent the glucose tolerance curves of 


normal rats. 
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ble than normal glucose tolerance curve. But positive urine sugar was 
not found in glucose tolerance test (Figure 4). 
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Fig. 4. Glucose tolerance test of a rat in the group of high-fat high- 


caloric diet. 


(d) The high-protein high-fat diet group. Markedly decreased 
glucose tolerance was perceived in this group comparing with above 
groups. Positive urine sugar was observed in three rats of this high- 
caloric group in which the maximum blood sugar level reached 330 mg, 
(Figure 5). 

Glucose tolerance tests of all groups were summarized in Figure 6 
and Table II, in which blood sugar levels are the mean values in ten rats 
in each group. Markedly decreased glucose tolerance was observed in 
the group of high-protein high-fat high-caloric diet, followed by the group 
of high-fat high-caloric diet. Glucose tolerances were moderately de- 
creased in other dietary groups compared with standard dietary group. 

Glucose uptake rate of diaphragm 

Glucose uptake rate is summarized in Figure 7, in which the rate is 
expressed as proportion to that of the standard dietary group. It was 
found to be reduced in the groups of high-protein and high-protein high- 
fat diet, and particularly extremely in the group of high-fat diet. 
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Fig. 5. Glucose tolerance test of a rat in the group of high-protein 
high-fat high-caloric diet. Positive urine sugar was observed. 


Blood acetone level 

The free acetone content in blood was found elevated in all groups 
except for the standard diet group (Figure 8). 

Pathohistological changes 

The pathohistological changes observed in these dietary groups were 
most prominent in the group of high-protein high-fat high-caloric diet, 
as compared with that in the standard dietary group, in the other groups 
showing similar changes in degree to those of the group of standard diet. 

(a) Langerhans’ islets of pancreas. The islets were enlarged and 
the f-cells were swollen and degranulated in the group of high-protein 
high-fat diet (Figure 9). 

(b) Adrenal glands. Thickening of fascicular layer was found in 
the group of high-protein high-fat diet compared with the standard dietary 
group. 
(c) Anterior pituitary lobe. There were found no remarkable 
changes in this organ in all dietary groups except for in the group of high- 
protein high-fat diet, in which small basophilic cells were found to be 
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TABLE II 


Average Glucose Tolerance Test Two Months after 
Feeding with Different Diets 








Blood sugar level and standard deviation (mg%%) 











before Time (hrs) after glucose loading 
glucose 
loading 0.5 1.0 1.5 2.0 2.0 3.0 
; 125 167 164 147 135 121 113 
Standard +15.7 416.4 +18.8 +21.0 +11.8 +10.2 +22.2 
High-protein 126 185 179 162 145 139 133 
(Isocal.) +14.8 +33.5 +29.2 +29.5 4+23.1 4+23.0 +13.5 
High-protein 125 184 175 150 140 125 120 
(High-cal.) +23.9 +19.7. +38.4 +30.3 +23.0 +23.0 +15.3 
High-fat 112 190 185 161 138 136 133 
(Isocal.) +14.2 +28.1 +23.0 +17.5 +25.7 +23.2 +23.8 
High-fat 140 188 200 187 169 149 136 
(High-cal.) +10.6 +25.3 +31.8 +30.9 +29.3 4+25.2 +15.1 
a 115 180 175 159 150 145 140 
‘Al +12.8 +19.4 +19.2 +19.5 +17.3 +23.3 +19.6 
(Isocal.) 
hight otein 136 190 213 191 178 170 163 
. 9 +93 § +93.‘ +42 ¢ +43.5 4.4 335 
(High-cal.) +13.2 +23.2 +23.3 +42.9 +43.5 431.4 +33.2 
mg% 
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Fig. 6. Glucose tolerance curves of the animals fed with seven different 
diets. The blood sugar levels are the mean values of ten rats in each dietary 
group. I.. the group of standard diet. II.. the group of high-protein isocaloric 
diet. III.. the group of high-protein high-caloric diet. IV.. the group of high- 
fat isocaloric diet. V.. the group of high-fat high-caloric diet. VI.. the group 
of high-protein high-fat isocaloric diet. VII.. the group of high-protein high-fat 
high-caloric diet. 
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Fig. 7. Glucose uptake rate of diaphragm. Each value is expressed_as 
proportion to that of standard dietary group. a. standard dietary group. 
b. the group of high-protein high-caloric diet. c. the group of high-fat high- 
caloric diet. d. the group of high-protein high-fat high-caloric diet. 
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Fig. 8. Blood free acetone. a. the group of standard diet. b. the group 
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of high-protein isocaloric diet. c. the group of high-fat isocaloric diet. 
d. the group of high-protein high-fat isocaloric diet. e. the group of high-pro- 
tein high-fat high-caloric diet. 


increased in number. 


Discussion 


It was Tejning!®) who studied systematically on the dietary effect 
upon the carbohydrate metabolism, although numerous studies have been 
reported on the role of diet in the occurrence of experimental diabetes 
mellitus. 

He observed the difference between the size of Langerhans’ islets 
in the animals fed with different diets. The largest istecs were found in 
the group of standard diet and the smallest in the group of high-fat diet. 
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Fig. 9. Enlarged Langerhans’ islet. -cells are swollen and degranulat- 
ed. In the group of high-protein high-fat high-caloric diet. Gomori’s chrome 


alum hematoxylin stain. 


By Houssay and Martinez’), lard was also diabetogenic in the partially 
pancreatectomized animals among the numerous diets. 

Seven dietary systems were used to survey the dietary influence upon 
the carbohydrate metabolism in our experiment. The composition of 
standard diet used in our experiment is the widely used one in rats, which 
is unexpectedly similar with therapeutic formula for diabetic patients in 
our clinic’. On the other hand, the amount of fat and protein in the 
high-protein high-fat high-caloric diet coresponds to one which is sup- 
posed as large amount in human diet!”?. 

It is shown in our experiment that high-protein high-fat can decrease 
the carbohydrate tolerance for two months. 

Kotake and coworkers’ showed that diabetes mellitus was induced in 
the animals fed with high-protein high-fat diet for about 170 days. How- 
ever, it is obvious from our experiment that such diet decreased carbo- 
hydrate tolerance, or latent diabetic state was induced in the rats fed with 
such diet according to the results of glucose tolerance tests, glucose uptake 
ratio of diaphragm and free acetone level of blood. These latent diabetic 
states could not be found by the estimation of fasting blood sugar, but could 
be perceived by glucose tolerance test, which, we suppose, is the best 
method in the experiment to discover latent diabetes mellitus. 

How is the decreased carbohydrate tolerance induced in rats fed with 
high-protein high-fat high-caloric diet? 

In our experiment, diabetes mellitus or decreased carbohydrai 
tolerance could not be induced solely by protein or fat. Protein is sup- 
posed to be rather protective against occurrence of diabetes by alloxan 
according to the results of Houssay and Martinez”), and fat is illustrated 
as diabetogenic factor by many authors. 
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Then carbohydrate tolerance of the animal might be decreased only 
when the animal is fed with high-protein high-fat diet. Kotake® attri- 
buted this mechanism to xanthurenic acid derived from tryptophan in 
pyridoxin deficiency. However, because carbohydrate metabolism was 
more disordered in this high-caloric than isocaloric diet, high-caloric diet 
might have more significance in the occurrence of decreased carbohydrate 
tolerance. 

Secondry, it is suggested from histological studies that f-cells in 
Langerhans’ islets are overstrained and exausted by such _ high-caloric 
diet and decreased carbohydrate tolerance is induced as the result. This 
overstrain of Langerhans’ islets might be concerned with obesity because 
gain in body weight is remarkable in the group of high-protein high-fat 
diet. 

Thirdly, pituitary adrenal system is presumed to play a part in pro- 
gress of decreased carbohydrate tolerance, which conformed an evidence 
in histological studies on pituitary and adrenal glands’). 


SUMMARY 


One hundred and five normal rats were fed with seven different diets, 
among which carbohydrate tolerance was found to be decreased extremely 
in the group fed with high-protein high-fat diet for two months. 

Three factors, such as xanthurenic acid, overstrain of Langerhans’ 
islets and pituitary adrenal system were discussed to be presumably re- 
sponsible for this mechanism. 
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Previously we reported that the carbohydrate tolerance of normal 
rats was decreased in the group of high-protein high-fat especially high- 
caloric diet'’. Then it was suggested that this disorder of carbohydrate 
metabolism is due to the lowered utilization of glucose in the peripheral 
muscle, which is concerned with the function of Langerhans’ islets and 
pituitary and adrenal system from the pathohistological studies. 

If the function of Langerhans’ islets will be lowered by high-protein 
high-fat diet, experimental diabetes will be easily induced in the animals 
fed with this diet by the administration of less amount of alloxan than the 
amount commonly used. 

Then we successively studied the dietary influence upon the occur- 
rence of diabetes mellitus induced by alloxan administration in rats. 


EXPERIMENTAL 


Materials and Method 


Animals used in this experiment were those rats which were fed with 
seven different diets for two months”. 

Five °, aqueous solution of alloxan was injected to the femoral veins 
of each five animals of all dietary groups in amount of 40 mg. per kg. 
body weight and of other five animals in amount of 30 mg. per kg. body 
weight, respectively, two months after feeding. 

Fasting blood sugar of all animals was measured every one or two 
days for about two weeks after alloxan administration. 

Animals survived were subjected to glucose tolerance test two weeks 
after the administration of alloxan. 

Glucose tolerance test and estimation of blood sugar level were per- 
formed by the same methods as previously reported!”?. 
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Results 


Occurrence of diabetes mellitus by alloxan administration 

Diabetes mellitus was induced in almost all the animals of every 
group by the administration of 40 mg. per kg. body weight of alloxan. 
By the administration of 30 mg. per kg. body weight of alloxan, however, 
the occurrence rate of diabetes mellitus was 100% in the group of high- 
protein high-fat diet, while it fell to 40°, in the group of standard diet 
and nearly midways of these percentage in the other dietary groups. This 
is summarized in Table I. 


LTanue. J 


Occurrence of Diabetes Mellitus after Alloxan Administration 





Diet group 


High- High- High- High- High- High- 

Senin wie Te fat protein protein 

; owes 3% (High-  (j.004),) (High- high-fat high-fat 

rs cal.) S0€8") cal.) (Isocal.) (High-cal.) 

~——— 10 30 40 30 40 30 40 30 40 30 40 30 40 30 
No. of rat 5 65 5 5 5 5 5 5 5&5 5 5 5 5 5 
as gg ol et £ee es oe ee ee S's 
Ditto not diabetic 0 3 0 3 ] Z ] 5 1 6 6 5 0 O 
— 3 | 3011 003 1 1 0 1 0 
Ditto surviving z $ z & $ t > & 2. 4 5 ' 3 


Progress of diabetes mellitus after alloxan administration 

Death ratio within seven days after alloxan administration is high in 
the groups of standard diet, high-protein isocaloric diet and high-fat high- 
caloric diet with the administration of 40 mg. per kg. body weight of 
alloxan, being low in the animals of other groups (shown in Table I). 

The changes in blood sugar level after alloxan administration were 
able to be classified as follows ; 
(a) persistent diabetization: hyperglycemia and glycosuria were 
observed during whole period, 

(b) recovery after diabetization: transient hyperglycemia and 
glycosuria were observed, and 

(c) non-diabetization: neither hyperglycemia nor glycosuria de- 


veloped. 

These are shown in Figure 1. The rate of persistent diabetization 
was found high in all the groups with the administration of 40 mg. per 
kg. body weight of alloxan, while the rate of occurrence was the highest 
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Fig. 1. The changes in fasting blood sugar after alloxan administration. 
The solid, broken and chain lines represent the fasting blood sugar levels of 
the animals persistently diabetized, recovered after diabetization and non- 


diabetized, respectively. 


TABLE II 


Progress of Diabetes Mellitus after Alloxan Administration 





Diet group 


High- High- High- High- High- High- 
nero ee oR protein . fat protein protein 
Standard protein : fat . : : : . 
(ewes (High- | Seamed % (High- high-fat high-fat 
ee cal.) cal.) (Isocal.) (High-cal.) 
——— 40 30 40 30 40 30 40 30 40 30 40 30 40 30 
No. of rats persis- é , . 
tently diabetized - 4 ' 4 ‘1 1 0 4 1 2 0 5 
Ditto recovered 0 2 1 0 0 2 3 0 0 2 3 2 2 2 
after diabetization 
Ditto mat diehe- 02 0 3 12 15 12 03 0 0 


tized 


and none of non-diabetization was detected in the group of high-protein 
high-fat high-caloric diet among the groups administered with 30 mg. per 
kg. body weight of alloxan. 

The data are summarized in Table II. 

Glucose tolerance tests two weeks after alloxan administration 
°,, before glucose adminis- 
» in its peak in all animals with course of 


Blood sugar level was higher than 250 mg. 
tration, higher than 360 mg. ° 
persistent diabetization (Figure 2). 

Glucose tolerance was found to be decreased even in the animals 
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Fig. 2. Glucose tolerance test of persistently diabetized animals. A. 
glucose tolerance curve of the animal fed with standard diet. B. glucose 
tolerance curve of the animal fed with high-fat high-caloric diet. 


with apparently cured diabetes and more markedly decreased in other 


groups than in the standard dietary group (Figure 3). 

It is to be noted that decreased glucose tolerance was also observed 
in apparently non-diabetized animals (Figure 4). 

Furthermore, these decreased glucose tolerances were observed more 
remarkable in the group of high-protein high-fat diet or other groups as 
compared with the standard dietary group. 


DiIscussION 


The dosis of alloxan inducing diabetes mellitus by the intravenous 
administration has been reported as 40 to 50 mg. per kg. body weight in 
rats?) and this was proved in our experiment. Diabetes mellitus, however, 
could also be induced by the administration of 30 mg. per kg. body weight 
of alloxan which was been considered as non-diabetic dosis, especially in 
100°, in the group of high-protein high-fat high-caloric diet. 

It is suggested that high-protein high-fat high-caloric diet intensifies 
the occurrence of diabetes mellitus induced by the administration of 
alloxan and can spare the amount of alloxan to induce diabetes mellitus, 
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Fig. 3. Glucose tolerance test of the animals recovered after diabetization. 
A. glucose tolerance curve of the animal fed with standard diet. B. glucese 


tolerance curve of the animal fed with high-protein high-fat high-caloric dict. 


because this diet formula decrease the glucose tolerance of normal rats 
by itself, as we previously reported!?. 

Although Houssay and Martinez’) reported that diabetes mellitus 
occurred thoroughly in the animals subtotally pancreatectomized and fed 
with high-lard diet, compared with other diets, the alloxan sparing effect 
of this high-fat diet was not observed in our experiment. 

Death ratio after alloxan administration was high in high-lard dietary 
group according Houssay and Martinez’s experiment, whereas such result 
was not revealed in our experiment. This difference might be explained 
by the fact that alloxan was injected intraperitoneally in the dosis of 160 mg. 
per kg. body weight in their experiment, while intravenously 30 to 40 mg. 
per kg. in ours. 

We tried to classify the progress of alloxan diabetes into three groups. 
Hitherto, these transient or non-diabetized animals have been neglected 
in the experimental studies of alloxan diabetes. But it should be em- 
phasized that impairment of carbohydrate metabolism can be found by 
the glucose tolerance test even in the animals, which seem to be recovered 
or non-diabetized by the routine examinations such as the estimation of 
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Fig. 4. Glucose tolerance test of the non-diabetized animals. A. glucose 
tolerance test of the animal in the group of standard dict. B. glucose tolerance 
test of the animal in the group of high-protein high-fat isocaloric diet. 


fasting blood sugar and urine sugar, and that the estimation of fasting 
blood sugar and urine sugar is not enough to observe the progress of alloxan 
diabetes whereas glucose tolerance test should be carried out at least. 

Conclusively, it is suggested from our experiment that the high- 
protein diet with high-fat is harmful and that the standard diet, well 
balanced in three food stuffs, is superior to other diet formulas both pro- 
phylactically’) and therapeutically”) in experimental diabetes mellitus 
in rats. 


SUMMARY 


Although almost animals were induced by the administration of 40 mg. 
per kg. body weight of alloxan, occurrence of diabetes mellitus by 30 mg. 
per kg. body weight of alloxan is the highest in the group of high-protein 
high-fat high-caloric diet among various dietary groups. 

Progress of diabetes by alloxan administration was classified into three 
groups, namely persistent diabetization, recovery after diabetization and 
non-diabetization. 

Furthermore it was emphasized that glucose tolerance was revealed 
to be decreased equally in the groups of recovery after diabetization and 


non-diabetization. 
It was suggested that high-protein high-fat diet intensified the induc- 
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tion of diabetes mellitus with the administration of small amount of alloxan 
and, therefore, could spare the amount of alloxan administered to induce 


experimental diabetes. 
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